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New Laboratory Standards 


New ranges of the famous Weston 12-inch scale labora- 

tory standard instruments have now been developed. 

These consist of dynamometer wattmeters, ammeters and voltmeters for A.C. 
and D.C. circuits and moving coil milliammeters, millivoltmeters, ammeters 
and voltmeters for D.C. circuits. All these instruments are designed and built 
for precision laboratory measurements and have a guaranteed accuracy of 
0-1°%, of full scale deflections. They are housed in sturdy polished wooden 
cases fitted with a bakelite top panel and have 12-inch vernier scales. They 
are provided with levelling feet, a spirit-level and a self-contained thermo- 
meter which indicates the true temperature of the moving system for 
measurements of extreme accuracy. Please write for full details. 
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The Progress of Science 


Calling all Gardeners 


THERE is a reasonable chance that any reader with a bent 
for research and a garden at his disposal could make an 
addition to scientific knowledge if he tried some experi- 
ments with plant hormones—or growth regulators, to use 
the more fashionable expression. There are many such 
substances available; a competent chemist can synthesise 
several of them with reasonable ease, while the less skilled 
can purchase supplies from manufacturers of fine chemicals. 
These substances are costly, but the experiments need not 
prove expensive as mere traces of these chemicals cause 
relatively huge effects upon the growth of plants. 

The effects of the growth regulators are many and varied; 
some growth regulators accelerate growth, others have the 
reverse effect. The same chemical which promotes growth 
in a stem may have the reverse effect on the roots of the 
same plant. Then there are others which affect flowering. 

A good introduction to this subject is Prof. Hugh Nicol’s 
book, Plant Growth Substances (Leonard Hill, London, 
1940; pp. 148), which gives the historical background of 
modern advances in this field as well as a most useful 
index to the miscellaneous compounds that can act as 
growth regulators, a chapter on their synthesis and copious 
references. 

Nicol’s book is worth reading before one turns to the 
latest important book on the subject, Growth Regulators 
for Garden, Field and Orchard, by John W. Mitchell and 
Paul C. Marth of the Bureau of Plant Industry, U.S. 
Department of Agriculture (University of Chicago Press, 
1947; Cambridge University Press, London; pp. 129, 15s.). 

The latter book reminds us that the first growth regula- 
tors of real significance to be isolated were auxin-a and 
auxin-b; these were isolated from urine after scientists had 
noted that urine markedly affects the growth of plant cells. 
Auxin-a is also known as auxentriolic acid; its formula is 
C,,H;,.0,. Auxin-b, or auxenolonic acid, is CysH 390 4o- 
Their isolation dates back to 1934, details of the discovery 
being published by Dr. K6gl and his collaborators in 
Zeitschrift fiir physiologische Chemie (Vol. 228). Isolated 
at the same time was another substance with a growth- 
regulating effect; this was indole-acetic acid, also known 
as auxin, which had been known to chemists for about 
fifty years. 


Attention was naturally focused on indole-acetic acid, 
since it could be obtained by synthesis in relatively large 
amounts. When it was applied to the stems of tomato 
plants this acid was found to stimulate the production of 
sturdy roots, a fact which immediately suggested a use in 
the hands of gardeners and nurserymen; cuttings dipped in 
a solution of indole-acetic acid should strike more rapidly, 
and this indeed proved to be the case. Now was the time 
for the chemist to come to the aid of the botanist; what 
other. chemicals, related to indole-acetic acid, could’ be 
tested for their effect upon plants? Jndole-butyric acid was 
suggested, and it proved successful; so did «-naphthyl- 
acetic acid. All three substances are effective at a concen- 
tration of 5 parts in 100,000 parts of water; thus a gram of 
one of them will make 20 litres or about 16 quarts of 
effective solution. 

Also interesting is the effect of ethylene gas. This 
hydrocarbon causes the formation of sturdy roots in much 
the same way as indole-acetic acid; this discovery was made 
in America about the time Kogl was working with the 
chemicals he had separated from urine. Another useful 
effect produced by ethylene is that it accelerates the ripen- 
ing of fruits like tomato, pineapple, banana and lemon. 
(Readers who do not wish to buy a cylinder of ethyline gas, 
or to prepare it, can still take advantage of this effect; 
quick-ripening varieties of apples exhale ethylene, and if 
such apples are enclosed in a gas-tight tin along with 
green tomatoes the latter will ripen more speedily than 
otherwise). 

Growth regulators which can discriminate between 
cultivated plants and so-called weeds have great possi- 
bilities. In this connection the story of methoxone is already 
well known to our readers. 2,4-D, which is 2,4-dichloro- 
phenoxyacetic acid, is rather less well known in Britain, 
though it can be bought in most chemists’ shops; you need 
only to ask for ‘hormone weed-killer’. A solution contain- 
ing 0-1°% 2,4-D is satisfactory for spraying on lawns. The 
Americans also find that good results can be obtained if 
the weed-killer is applied dry; one successful mixture of 
weed-killer and fertiliser comprises 143-4 pounds of 2,4-D 
and 600 pounds of an artificial fertiliser, equivalent in 
composition to the average ‘balanced’ fertiliser available in 
Britain; this is enough to treat an acre of lawn. Mitchell 
and Marth’s book gives an invaluable list showing how 
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different plants—weeds, crop plants, ornamental plants— 
react to 2,4-D. 

One aspect of growth regulators which has somewhat 
languished in Britain forms the subject of a particularly 
interesting chapter in this book. Anyone familiar with 
horticulture or agriculture will realise that a substance 
which has a depressing effect on the growth of, say, a 
potato or an onion has enormous commercial possibilities, 
for the storage of such tubers and bulbs always involves 
some deterioration due to premature sprouting. This 
chapter on prevention of growth in stored plant material 
should put money in the pocket of any enterprising farmer 
who follows up the tips given by Mitchell and Marth. The 
best substance for potatoes is the methy! ester of naphtha- 
lene-acetic acid. (Naphthalene-acetic acid has a similar 
effect, but is not so useful as its more volatile ester.) A 
spray containing 0-01—0-05°,% of the ester will stop tubers 
from sprouting even when stored at the high temperature 
of 70 F; this concentration works out at the equivalent of 
| gram per bushel of potatoes. The ester can be mixed with 
talc, fuller’s earth or other finely ground clay, and the 
mixture sprinkled on the potatoes; half a pound of dust 
(containing 0-2-0-6% of the ester) is enough for a bushel 
of tubers. 

One other method of application can be recommended; 
half a gram of the ester vaporised on a hot plate or stove 
has given good results when the potatoes are spread out in 
layers two or three tubers thick in a shed of 1000 cubic feet. 

Stored plants like rose-bushes are a nuisance to the 
nurseryman, since they have only a short resting period and 
sprout too soon for commercial comfort. The United 
States Plant Industry Station has found that this can be 
stopped by spraying a lanolin emulsion containing 
0-01-0-05 ° of either the methy/ or ethyl ester of naphthalene- 
acetic acid. The same spray is recommended for apple, 
pear and fruit trees. 
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Another chapter in this excellent book discusses the 
prevention of fruit drop, a subject with which readers are 
likely to be familiar since several proprietary growth 
regulators are sold throughout Britain which give heavier 
crops of apples and tomatoes. (This subject was dealt with 
by Richard Clements in Discovery, November 1946, 
pp. 332-335.) 


FOOTNOTE FOR ATHLETES 


ATHLETE’S Foot, quite common disease due to fungus 
infection in damp changing rooms, can be cured by the 
growth regulator 2,4-D, which can be incorporated in 
ointments. 


More News about Chloromycetin 


IN ouUR December 1948 issue (p. 355) we published a note 
about Chloromycetin, and mentioned its activity towards 
disease-producing organisms other than bacteria. The 
experiments started in Malaya have now been reported 
upon more fully, and about their results the British 
Colonial Office is so optimistic that it claims that Chloromy- 
cetin ‘‘will henceforward reduce scrub-typhus treatment to 
a ‘trivial’ task’. Scrub-typhus, long the dread of planter 
communities, proved a scourge of our troops operating in 
that area in the last war. It is caused by a Rickettsia similar 
to that causing ordinary typhus. Mortality among scrub- 
typhus sufferers averages about 5°¢ except when the 
vaccine developed during the war (see Discovery, October 
1945, p. 322 for details about the manufacture of vaccine) 
is used, or Chloromycetin is administered. 

After successful laboratory tests at Yale University and 
in the laboratories of Parke Davis and Co., the Detroit 
drug firm, the Americans asked permission to test Chloro- 
mycetin against human scrub-typhus in Malaya. Dr. J. E. 
Smadel of the American Army Medical School and four 





BEFORE TREATMENT WITH 2,4-D 


—AND AFTER TREATMENT 


A fifteen-day demonstration of the killing power of 2,4-D on mustard weeds growing amidst grass. (Left) A single applica- 
tion was given to the plants in the pot on the right. The pot on the left was untreated. (Right) On the fifteenth day after 
treatment the sprayed plants were dead, while the grass showed no injury and had grown considerably during the test. 
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The Golden Rod in the foreground was sprayed with 2,4-D and died soon after treatment. Plants in the background were 
unsprayed. 


colleagues arrived at Kuala Lumpur in March 1948 
bringing with them the whole of the world’s supply of 
Chloromycetin—it weighed just one pound! With Dr. R. 
Lewthwaite and Dr. S. R. Savoor of the Institute for 
Medical Research of Malaya they immediately began their 


Clinical trials of the drug. 


The first trial was made on three early cases of scrub- 
typhus. Two days later, all three patients had normal 
temperatures, toxicity had vanished, and convalescence 
was well on the way. This was in striking contrast to the 
known severity of the disease in untreated cases where there 
is fifteen days or more of fever, severe toxicity, and the 
liability of grave complications affecting lung and nervous 
systems. 

A sudden outbreak of the disease on an estate near 
Kuala Lumpur gave the scientists forty more cases to 
treat. This they did without a single failure. 


The discovery of the efficacy of Chloromycetin against 
scrub-typhus represents a truly great advance in the history 
of chemotherapy. Once again army medical men have 
made a discovery which will benefit all mankind, a dis- 
covery in the traditions established by Walter Reed, the 
American Army doctor who worked on yellow fever, and 
Britain’s Ross, pioneer of malaria research. 

It is interesting to find that, for once in history, the cure 
for a tropical disease has been found ahead of the elucida- 
tion, in fullest detail, of the life history of the causative 
Organism and its means of transmission. Complete under- 
standing of the scrub-typhus parasite and its relation- 
ship to its hosts—man and mites—is well on the way. 
Several British entomologists working in Malaya have 
turned from insects to mites in order to assist in the settle- 
ment of some of the difficult problems concerning trans- 
mission of the disease. These men have risked their lives 


IT Sir Howard Florey and Dr. E. Chain, Nobel Prize-winner for science, and to our knowledge at least one of them 
= for medicine, 1945, both of them awarded Nobel Prizes for contracted severe scrub-typhus while investigating the mites 
fter their work on penicillin, flew out to Malaya to observe and that transmit it—without the new drug he would almost 
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discuss this spectacular research achievement. 


certainly have died. 
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The Tsetse Fly: a Changing Problem 


Four and a half million square miles of Africa, that is, 
an area 75 times the area of England and Wales, as Professor 
P. A. Buxton said recently, are held by the tsetse fly. 
These are fantastic figures and give a measure of how big 
this fantastic problem is. As the clues to the possibilities 
of tsetse control become apparent, the full significance of 
this small insect—or rather, group of insects, since a number 
of species are involved—can only now be appreciated. 
On the 17th Stephen Paget Memorial Lecture of the 
Research Defence Society, Professor Buxton more than 
once referred to the historical significance of this pest, and 
of the effects, indirect as well as direct, which it has had 
and continues to have on the development of the ‘dark’ 
continent. 

It was our superior knowledge and understanding of the 
tsetse which made Rhodesia a British and not an Arab- or 
Portuguese-dominated territory, yet it is still our inability 
to deal with the problems arising out of actual control, 
where that has been attained, which hinders development 
in many other parts of Africa. For in this, perhaps more 
than in any other problem of insect control, the indirect 
effects on Man himself of that control, are vitally important. 

As has now been clearly demonstrated, it is possible to 
control the various species of tsetse flies by means suited 
to the different areas which they inhabit. The river- 
haunting Glossina palpalis, for example—the carrier of 
sleeping sickness—inhabits a quite narrow waterside belt, 
wherein its presence is governed by that of certain types of 
vegetation. On so circumscribed an area, direct attack by 
catching the flies is of value, but actual extermination can 
be ensured by clearing the vegetation completely and, in 
effect, changing the whole environment. Obviously, in 
larger areas this might itself be an impossible problem, 
apart from the other effects, such as erosion, which it 
might have. But fortunately it is now known that certain 
species of tsetse are dependent for their existence on the 
presence of certain plants and trees, whose selective 
clearing and felling by trained men will have the same result, 
so far as the fly is concerned, as complete clearing. 

This method has already some outstanding successes 
to its credit, Dr. Nash in Nigeria and K. R. S. Morris in 
the Gold Coast having done most notable work. At 
Auchan in the former colony a cleared area of 700 square 
miles now holds 50,000 people as well as great numbers of 
cattle. But success, too, has come with other methods, of 
which probably the most important and certainly the most 
controversial is that of game destruction. It has long been 
realised that where game is eliminated, certain tsetse species 
and more especially the deadly Glossina morsitans, chief 
carrier of the trypanosome—causing nagana disease of 
Cattle, die out. That such destruction of game must take 
place if vast areas of Africa are to be rendered fit for Man 
appears certain. At the same time it has been shown that 
once areas have been cleared, game from other tsetse-free 
areas may be allowed to colonise them. 

These two methods, then—selective clearing of the bush, 
and destruction of game—now appear as the most important 
means of tsetse elimination. Others, such as trapping and 
the use of new insecticides, have had local success in small 
areas but cannot for obvious reasons be applied over 
thousands of square miles. Yet even given the extermination 
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of tsetse over wide areas and by the above methods, 
the final problem—the permanent habitability of the 
areas, is by no means ensured. Prof. Buxton himself 
pointed out that to populate these areas “is difficult 
because it demands an understanding of so many sciences: 
one must consider not only the fly and the trypanosome 
it carries but social anthropology and agriculture.” 

Interested readers will find this subject dealt with in 
considerable detail in the report of Dr. T. A. M. Nash, just 
published by H.M.S.O. (30s.) and entitled Tsetse Flies 
in British West Africa; aiso recommended is Professor 
Buxton’s 7rypanosomiasis in E. Africa, 1947. (H.M.S.O., 
35.). 


By-passing the Tsetse Fly Problem 


Last year DisCOVERY reported that a new drug (crypti- 
cally called M.7555—its laboratory serial number) was 
being tested as a means of reducing livestock losses in 
Africa due to trypanosome diseases. It now appears that 
early optimism about the efficacy of this drug were justified. 
Attended by what we consider to have been an excessive 
blowing of propaganda trumpets, the Colonial Office 
recently released details about M.7555, or Antrvcide, and 
its field trials. 

Behind the development of antrycide lies the story of 
four years’ research and development, carried out in 
Britain and Africa by a team of chemists and biologists 
attached to the Pharmaceuticals Division of I.C.I. The 
team was headed by Dr. D. G. Davey and the late Dr. 
F. H. S. Curd, both of whom gained well-deserved fame 
earlier for their work on Paludrine, the best of the anti- 
malarials. It is a matter for great regret that Dr. Curd 
did not live to see his work on antrycide come to full 
fruition; this brilliant young chemist, who was educated 
at Bancroft School, Woodford, and London University, 
was killed in the Stockport rail disaster of last November. 
He had brought great skill to bear on the chemical prob- 
lems involved in the attack of tropical diseases by chemo- 
therapy, and it is sad indeed that the fruitful partnership 
of Davey and Curd has ended thus prematurely. 

Antrycide has proved effective against five species of 
trypanosome. A single treatment with it cures cattle of 
Trypanosoma congolense and T. vivax, the two worst 
forms of the disease. The protection is complete for 
four to six months. 

It has been used with success against a third trypano- 
some (7. brucei) in cattle, horses and dogs. Antrycide also 
knocks out 7. evansi in camels, and 7. simiae in pigs. 

It is obviously important that the period for which the 
drug gives immunity should be known with accuracy, for 
on this factor depends the number of times each year the 
cattle should be rounded up and injected with antrycide. 
Further work is in progress to settle this point. 

Supplies of antrycide are at present limited, but its 
production is rapidly being expanded. For the moment its 
use is to be confined to the official veterinary departments 
of Kenya, Uganda and the Sudan, all countries where urgent 
need exists and where experts are already familiar with the 
technique. In order of priority, next will come field trials 
in West Africa, where the entire area of the Gambia, the 
Gold Coast and Sierra Leone abounds with the tsetse flies 
which carry the trypanosome diseases, and four-fifths of 
Nigeria are similarly unsafe for man and cattle. 
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Readers interested in further details about the kind of 
organisms which cause nagana disease and similar trypano- 
some diseases should refer back to Discovery of May 
1948 (pp. 135-136), which carried a **Progress of Science” 
note about the promising drug known as Phenanthridinium 
897, which, like antrycide, is highly active against the 
trypanosomes that infect cattle. 


Cure for Alcoholism 


THE treatment and cure of alcoholism are matters of 
great social importance and of considerable difficulty, as 
alcoholism, especially chronic alcoholism, is usually the 
result of an underlying psychiatric disorder, the victim 
seeking in alcohol a means of escape from anxieties and 
difficulties and losing the strength of will to overcome the 
habit. The most effective treatment requires a period in 
hospital where the patient can be helped through the difficult 
days following withdrawal of alcohol, such as by dosing 
with sedative drugs, by occupational therapy to give new 
interests, or by psychotherapy. It is, however, often difficult 
to get the chronic alcoholic to submit to or persist in treat- 
ment, as three to six months in hospital may be necessary, 
and the relapse rate is high. 

One form of treatment that has been tried is conditioned 
reflex therapy, when drugs which cause violent nausea and 
vomiting are injected at the same time as the patient is 
given an alcoholic drink, and this is repeated until a con- 
ditioned reflex is established and alcohcl caused nausea 
without drug injection being necessary, and so is avoided by 
the patient. From time to time, efforts have been made to 
treat alcoholism by dosing with drugs which produce 
unpleasant effects only:if alcohol is subsequently drunk. 

Workers in Copenhagen have recently reported the use 
of a new drug which appears very promising for this 
purpose. It is called bis(diethylthiocarbanyldisulphide) and 
issold under the trade name of Antabuse. A small amount 
(0-5 to 1-5 gms.) taken by mouth produces no effects unless 
alcohol is taken afterwards, when an intense flushing of the 
face and sometimes neck, chest and arms results, the blood 
vessels of the eye become swollen, while nausea, headache 
and vomiting may follow. These very unpleasant symptoms 
disappear after a few hours and the threat of their recur- 
rence usually becomes a sufficient deterrent against further 
alcoholic refreshment. One illustrative case history is that of 
awoman aged forty-three who had acquired a habit of taking 
an average of ten drinks a day. After taking Antabuse she 
found at parties that she had no desire to drink, a single 
mouthful of claret being enough to cause her to blush. 
Once, because she was too shy to reveal her abstinence at a 
party, she omitted the daily dose of Antabuse for four days 
Previous, but in spite of this, a single glass of light wine 
made her blush so much that a doctor present asked her in 
fun whether she was going to have German Measles! Now 
she is in excellent humour, is interested in her home, sleeps 
well and has no craving for alcohol. Promising results are 
reported with seventy-four patients out of eighty-three 
treated, but it is emphasised that the use of Antabuse can 
often only be a part of the cure, and in severe cases of 
alcoholism, psychological treatment will also be required. 

In the body alcohol is almost completely ‘burnt’ and 
Only a very small part is excreted in the urine or lost 
through the lungs. It is known that at least a part of the 
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alcohol oxidised by the liver is converted into acetaldehyde, 
which is then broken down further. Following the drinking 
of the same amount of alcohol, it has been found that the 
concentration of acetaldehyde in the blood is two to five 
times greater after dosing with Antabuse. This increased 
amount of acetaldehyde is the cause of the symptoms 
produced by alcohol following Antabuse, since an exactly 
similar condition can be produced experimentally by the 
continuous injection of acetaldehyde alone to maintain 
a similar concentration in the blood. It is not yet clear 
how Antabuse alters the metabolism of alcohol in the body 
to produce more acetaldehyde, and the matter will form an 
interesting problem for a piece of biochemical research. 
REFERENCES 
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Atomic Electric Power Plant 


THE U.S. Atomic Energy Commission plans to erect near 
Schenectady, New York, an experimental atomic power 
plant to study generation of electric power from nuclear 
energy. The experimental power plant, which will be the 
first of its kind, will be built on a 4500-acre site and will 
be part of the Knolls Atomic Power Laboratory, operated 
for the Commission by the General Electric Company. 
The Knolls nuclear reactor will differ considerably from 
the reactors at Hanford, in the State of Washington, which 
were built during the war for the sole purpose of making 
plutonium for military purposes and which generate no 
useful power. Describing the Knolls reactor, Atomic 
Energy Commission say: 

‘‘The new Knolls reactor is one of two now being de- 
signed especially for the study of high temperature opera- 
tion and the production of power. A different type of 
reactor, but for a similar purpose, is planned at the com- 
mission’s Argonne National Laboratory near Chicago. 
The design of both these reactors is directed to the problem 
of power generation by nuclear fission but by different 
methods, and both are expected to yield important data, 
leading ultimately to the design of reactors which will 
produce power on a practical scale. They will also be 
valuable in solving some of the problems involved in 
‘breeding’ nuclear fuel. 

‘‘In the operation of a nuclear reactor, the fuel consumed 
consists of fissionable material which produced heat for 
conversion into power. If the so-called “breeding process’ 
works as scientists have reason to expect, the reactor will 
more than replenish the fuel consumed in operation. In 
addition to producing heat, a breeder-type reactor would 
convert non-fissionable uranium-238 into new fissionable 
matter. 

“Operation of the reactor will involve the production 
and handling of radioactive materials, carried out in a 
closed cycle process that does not permit the escape of 
radioactive liquids or dust. In designing the Knolls 
reactor, the scientists and engineers have available the 
esults of more than five years of reactor operating 
experience.” 

Elaborate safety features will be incorporated into the 
experimental power plant. “Studies of control mechan- 
isms and safety measures have been under way at the 
Knolls Atomic Power Laboratory for two years,” the 


AEC disclosed. 
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SCIENCE AND DEMOCRACY 


as seen by the Soviet Academy of Sciences 


In connexion with the recent letter of Sir Henry Dale to 
the U.S.S.R. Academy of Sciences (published in last 
month's DiscOvERY), the Praesidium of the Academy has 
issued the following statement: 


IN 1942 the Academy of Sciences of the U.S.S.R. 
elected Sir Henry Dale honorary member of the 
Academy. Recently the U.S.S.R. Academy of Sciences 
received a letter in which Sir Henry announced his 
resignation from the Academy on the grounds of dis- 
agreement with the Academy’s decisions on problems 
of biology. Long before Sir Henry’s letter reached the 
Praesidium of the Academy, extracts of this letter were 
extensively published in the British and American press 
with obviously hostile intentions towards the Soviet 
Union. 

In his letter Sir Henry Dale asserts that the victory of 
the Michurin trend in Soviet biological science was not 
the result of an honest and open conflict of scientific 
views. This assertion obviously contradicts facts and 
testifies to the point that Sir Henry Dale either has for- 
gotten or deliberately ignores certain basic facts of the 
history of biological science. 

The conflict of scientific views referred to by Sir 
Henry Dale has developed in biology for many decades. 
Long before the present century that faithful guardian 
of Darwinism, the Russian scientist K. A. Timiryazev, 
passionately defended Darwin’s teachings against 
Weisman, Mendel and Bateson. Timiryazev resolutely 
opposed the doctrine of invariable embryonal plasm, 
of various metaphysical ids and genes. 

In the Soviet Union Darwin’s teachings have become 
exceptionally widespread and have undergone further 
profound development. 

The works of our researchers have inscribed new 
chapters in the materialistic doctrine of Darwinism, and 
in this sphere a tremendous service was performed by 
I. V. Michurin. 

Darwin in his day pointed to the fact that he had not 
sufficiently elaborated the question of the influence of 
environment on the origin of the variability of organ- 
isms. In Michurin’s works this central problem of the 
laws governing the development of organic nature was 
comprehensively elucidated. Michurin showed how 
under the influence of conditions of existence characters 
of organisms arise and change, and how these changes 
are consolidated by heredity. However malicious the 
obscurantists may be, they cannot refute Michurin’s 
discoveries, for they are based on materials of numerous 
experiments that have been extensively employed in 
practice. 

The founder of our Socialist State, Lenin, in the true 
sense of the word discovered Michurin, rendered him all 
possible aid, provided him with all the necessary con- 
ditions for his work. 

Michurin’s slogan, We cannot wait for nature’s favours, 
our task is to wrest them from her, has become the slogan 


of all progressive Soviet scientists, who are devoting 
their work to the benefit of the people. 

Michurin’s doctrine, developed by Academician 
Lysenko, provides the key to the conscious transforma- 
tion required by man. It is precisely for that reason that 
Michurin’s teachings meet with the hearty support of 
the Soviet State and the Communist Party, which set 
themselves the task of achieving the utmost develop- 
ment of the well-being of society. 

The conflict, lasting many years, between the sup- 
porters of genuinely creative Darwinism, that has been 
raised to a higher level in Michurin’s works, and the 
supporters of the doctrine of Mendel and Morgan, 
has ended in our country in the defeat of the latter. 
This defeat was inevitable, just as the defeat of all 
unscientific doctrines that stand in the way of the 
development of science is inevitable. : 

The unscientific essence of the views of Mendel and 
Morgan has become particularly clearly manifest in the 
events of the recent period. It is by no means an accident 
that this doctrine was made the basis of Hitler’s racial 
theory, and was the theoretical basis of all the abomina- 
tions and sanguinary nightmares of Nazism. Sir Henry 
Dale should be aware that at the present time this 
doctrine is being utilised to justify the persecution of the 
Negroes in America and the oppression of the colonial 
peoples, to justify American designs at establishing 
world dominion. All sincere defenders of progress and 
democracy should welcome the route of this doctrine. 

It is difficult to accuse Sir Henry Dale of not knowing 
certain fundamental facts of the history of biological 
science. One can only presume that when he was 
drawing up his letter, there made itself felt the influence 
of forces which have nothing in common with science. 
Sir Henry Dale permits himself to employ unverified 
facts, alleging that in the U.S.S.R. work in the realm 
of genetics has been subject to restriction, although 
it is well known that as a result of the victory of 
Michurin’s teachings this work has assumed unparalleled 
scope. 

All this testifies to the fact that Sir Henry Dale’s 
letter has no connexion with scientific dispute, but was 
an instrument of the political campaign of slander 
against democracy as a whole, including the U.S.S.R. 
This campaign is being inspired by the enemies of 
genuine science and democracy, by the anti-democratic, 
aggressive forces of America and Britain. 

Considering Sir Henry Dale’s letter as one aimed at 
injuring science and democracy, the Presidium of the 
Academy of Sciences adopted a decision to deprive him 
of the honorary title of member of the Academy of 
Sciences of the U.S.S.R., and place its decision before 
the general meeting of the Academy of Sciences of the 
U.S.S.R. for endorsement. 

Professor H. J. Muller has suffered in the same way as 
Sir Henry Dale, being ‘expelled’—amidst a spate of propa- 
ganda—after he had resigned from the Academy.—ED. 
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Einstein is Seventy 





WILLIAM E. DICK, B.Sc., F.L.S. 


Ir the human race is to survive it is axiomatic that the 
meek must inherit the earth, albeit they will need every aid 
and support from those strong men who are capable of 
wielding power without becoming powerfully corrupt. At 
a time when the odds seem to favour man’s extinction as 
a species rather than survival, one can take some comfort 
from a consideration of the services rendered to mankind 
by such men as Gandhi and Einstein. Einstein is one of 
the truly meek; and since he also exhibits that quality of 
kindness which is all too rare in this frenetic atomic age 
it is a particular pleasure to celebrate his seventieth birth- 
day—he will be seventy on March 14—and recall all that 
he has done. In an age in which nationalism is more 
destructive than ever before, Einstein shines as a beacon: 
he has done a great many good deeds in a wicked 
world, deeds which entitle him to the respect of that 
world which recognises him as a great ‘world citizen’ 
even though it finds itself following the lead of ‘good 
nationalists’ to the great peril of everything that Einstein 
embodies. 

Einstein’s meekness, kindness and humility have their 
roots in his heredity and his early environment. He was 
born on March 14, 1879, at Ulm, a medium-sized city in 
Wirttemberg. His father ran a small electro-chemical 
factory with the aid of his brother, who lived with the 
Einsteins; according to Dr. Philipp Frank, he was an 
optimistic person, whose business failures did not alter his 
outlook on life. Einstein’s mother, born Pauline Koch, 
was more serious and more artistic, and had a fine sense 
of humour. The uncle, who was technical director of the 
factory, was a trained engineer, and it was he who intro- 
duced young Albert to mathematics. Schiller, Heine, 
Beethoven, the ‘gods’ of the Einstein household, all con- 
tributed something vital to the upbringing of the future 
genius. . 

Einstein was an odd little boy; born in a later age, he 
might well have become a ‘problem child’ though there was 
nothing of the infant prodigy about him. He was very 
late learning to speak, and afterwards he was taciturn and 
showed no inclination for ordinary play. One of his 
governesses dubbed him Pater Langwei/—Father Bore! 
Dr. Frank tells us that from the very beginning he was 
inclined to separate himself from children of his own age 
and to engage in day-dreaming. He was extremely sensi- 
tive; when a military band passed down the street, his 
Whole being was repelled—the very sight of marching 
soldiers was enough to make him cry. ‘“‘When I grow up 
I don’t want to be one of those poor people,”’ he said to 
his father. Dr. Frank suggests that where most children 
saw the rhythm of a happy movement Einstein saw the 
coercion imposed upon the soldier; ‘“‘he saw the parade as 
a movement of people compelled to be machines’. To 
this Dr. Frank traces the revelation of one of Einstein’s 
most characteristic traits, his intractable hatred of any form 
of coercion arbitrarily imposed by one group of people on 
another. 

“Hatred for the arbitrary laws of man and devotion 
to the laws of nature . . . has accompanied Einstein 


throughout his life and explains many of his actions that 
have been considered peculiar and inconsistent,” writes 
Dr. Frank. 

It is always interesting to track down the springs that 
produce a great river of scientific achievement. We know 
that Einstein was fascinated by his father’s pocket compass, 
and the fact that the needle pointed in the same direction 
no matter how the compass case was twisted much im- 
pressed him. We also know that Einstein was early 
introduced to the popular science books of Aaron Bernstein 
and Biichner’s Kraft und Stoff. It was not at school that 
Einstein became attracted to mathematics; all credit here 
goes to his uncle, who taught him algebra. Dr. Frank 
records how his uncle told him that algebra “‘is a merry 
science; when that animal that we are hunting cannot be 
caught, we call it x temporarily and continue to hunt until 
it is caught’. Taught in this spirit, mathematics became 
Albert’s delight. At the age of twelve or thereabouts he 
was given a geometry book, and the order and beauty with 
which the proofs were instinct took him by the hand and 
led him a long way down the road to achievement. Other 
influences in his early education were music (he started 
violin lessons at the age of six) and religious teaching, first 
Catholic, then Jewish; from the latter he gained ‘‘a pro- 
found conviction of the great ethical value of the Biblical 
tradition’, though he had an aversion for orthodox 
religious practices. 

When Einstein was fifteen, his father’s business failed, 
and the family migrated to Milan. Italy was a pleasant 
change after the cold, rigid Prussian atmosphere. One of 
the first things he did was to renounce his German citizen- 
ship, which left him stateless. 

From Italy, Einstein moved to Switzerland. He wanted 
to become a student at the Polytechnic in Zurich, the most 
famous technical school in Europe outside of Germany, 
but he failed the entrance examination, his knowledge of 
modern languages and the descriptive natural sciences 
being inadequate. So he went to the cantonal school in 
the small city of Aarau, where he lost the aversion to school 
which he had always experienced hitherto. After a year 
he took his diploma and was admitted to the Zurich 
Polytechnic. 

At Aarau his main interest had been physics, but the 
teaching at Zurich was sufficiently stereotyped and pedantic 
to kill his joy in the subject. His interest was kept alive, 
however, indeed it was stimulated, by the works of 
Helmholtz, Kirchhoff, Boltzmann, Maxwell and Hertz. 
Among his instructors was Hermann Minskowski, one of 
the most original mathematical thinkers of the period. 
Though he was a poor lecturer, it was Minskowski who 
(says Dr. Frank) “put forth ideas for a mathematical 
formulation of Einstein’s theories that provided the germ 
for all future developments in the field’. It is worth 
recalling that Einstein had originally been of the opinion 
that very simple mathematics would be enough for a 
physicist; his association with Minskowski convinced him 
of his error. 

Among his friends at Zurich was Friedrich Adler, son 
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Einstein’s mother. 


of a leading Social Democratic politician of Vienna who 
sent his son to Switzerland to study physics in the hope of 
keeping him out of politics. 

In 1901 he became a Swiss citizen. Soon afterwards he 
was introduced to Haller, the director of the Patént Office 
in Berne, an intelligent man who looked for capacity for in- 
dependent thought rather than routine competence among 
his staff. This open-minded man gave Einstein a job 
though he had no previous experience in the field of inven- 
tions. One cannot help but agree with Dr. Frank that this 
was in many respects a most important turning-point in 
Einstein's life. His salary of three thousand francs a year 
gave him security, and the opportunity of marrying. His 
first wife was Mileva Maritsch, a Hungarian girl he met 
as a student at the Zurich Polytechnic. The marriage was 
not over-successful, but he found great happiness in his 
two sons. 

His job at the Patent Office was to give a preliminary 
examination to reported inventions, and translate the rough 
descriptions of the inventors into clear statements explain- 
ing the crucial features of each invention. This work 
brought him in touch with many new ideas, and 
developed his great faculty for “grasping quickly the chief 
consequence of every hypothesis presented”’. The Patent 
Office was indeed an excellent ‘ivory tower’ for a man of 
Einstein’s temperament and genius; it gave him an escape 
from formal science at a time an ordinary academic 
appointment might well have deflected him from his 
unorthodox speculations. Einstein has said that a light- 
house-keeper’s job should suit a theoretical scientist, a re- 
mark which many scientists have found rather comic. But 
it is a job which does not absorb all one’s energies, being 
easy work which allows one the freedom for contemplation 
and research. In this respect there is an obvious similarity 
between working in a lighthouse and in a Patent Office, so 
Einstein’s suggestion should not be treated with levity, 
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being based as it obviously was on his own personal 
experience. 

1905 was a milestone in Einstein’s life, for it was 
in that year that he introduced his principle of rela- 
tivity. This is not the place to expatiate on relativity 
theory; the reader had best turn to the text-books,* or a 
history of science such as Pledge’s Science since 1500; 
alternatively, innumerable so-called popular books about 
relativity have been published, while the subject is well 
treated in the ‘popular book’ by Einstein and Infeld, The 
Evolution of Physics. The theory was, however, not a bolt 
from the blue; it had its antecedents, as usually happens 
in scientific work, in earlier researches. 

Periodically every branch of science runs into a dilemma, 
through experiment (or observation) and theory getting 
out of step. At such a juncture it takes a Newton, a 
Darwin or an Einstein to see the way ahead. Occasionally 
it happens that one single experimental fact can throw the 
whole theoretical machine into confusion. This had hap- 
pened in the very year of Einstein’s birth; the experiment 
of A. A. Michelson, later repeated by Morley, was designed 
to detect the difference in the velocity of light in and at 
right angles to the direction of the earth’s motion. No 
difference whatsoever could be detected, and that meant 
that the whole ether theory of light had led physics to the 
blind end of a cul de sac. The way out was to prove long 
and difficult, involving as it did a critical re-examination 
of the basic concepts of mass, force and so on. Newton’s 
principles of mechanics were clearly not adequate to take 
science any further. Kirchoff recognised the flaws in 
Newtonian mechanics, and Hertz helped still further in 
getting rid of the old ideas which were holding up progress. 
Ernst Mach, one of Einstein’s immediate forerunners, 
stressed that Newton’s theory contained expressions such 
as ‘absolute space’ and ‘absolute time’ that cannot be 
defined in terms of observable quantities or processes. 

Poincaré also developed ideas which were to prove a 
helpful guide to the scientific salvage party which had to 
pick out the useful parts from the wreckage of mediaeval 
physical theory left after its collision with the shattering 
fact established by Michelson’s experiment. 

The dilemma was not finally dispelled, however, until 
Einstzin brought his genius to bear upon the problem 
which Michelson’s null result had created. Had Einstein 
been purely a physicist it is doubtful whether he would 
have succeeded here, but then, as Einstein himself has said, 
he is ‘really more of a philosopher than a physicist’. To 
appreciate the greatness of Einstein’s theories which shed 
light on many things that were beyond the understanding 
of his predecessors and many of his contemporaries, it is 
essential to realise the change in philosophical approach 
which was implicit in his theories. This essential aspect of 
Einstein’s work is well explained in Dr. Frank’s biography. 

Einstein’s relativity theory was not fully worked out until 
the second decade of the twentieth century, but he had 
broken with Newtonian mechanistic physics years before 
that. He was preoccupied with the problem of light and 
motion when he went to Berne, but, as Dr. Frank says, “he 
saw that the final goal could be attained only by attacking 
the problem from various angles. One of the paths to the 


* Einstein’s important book on relativity, Grundlage der allge- 
meinen Relativitdtstheorie, appeared in 1916; and was followed soon 
after by Uber die spezielle und die allgemeine Relativitatstheorie. 
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goal, he realised, was to investigate the relations between 
light and heat, and between heat and motion.”’ We find him, 
in 1902, studying the phenomenon of Brownian movement, 
that irregular movement of suspended particles, such as 
small pollen grains and colloidal particles, caused by uneven 
bombardment by molecules of water. He was able to 
derive a simple formula to describe this random motion; 
this shows that the average kinetic energy of the particles 
in Brownian movement should be equivalent to that for 
the molecules, and so information about the invisible 
molecules could be obtained by observing the movement 
of the visible particles. He saw it would also be possible 
to find out how many molecules there were in a unit 
volume by measuring the*distances travelled by Brownian 
particles. (It remained to Jean Perrin to carry out the 
necessary experiments.) 

Radiation theory had taken a great step forward with 
Planck’s quantum theory of 1900. Planck had considered 
the mechanism of radiation and absorption of light; these 
processes, previously held to be continuous processes, were 
recognised as involving discrete packets (quanta) of energy, 
a concept which was to prove as important to physics 
as the concept of the atom had been to chemisfry. Einstein 
used it to interpret the experimental results obtained in 
1902 by Philipp Lenard (later to become a bitter anti-Semite, 
and in the Nazi days an antagonist of Einstein). Certain 
metals have the property of emitting electrons when exposed 
to light, and Lenard had found that the energy with which 
the electrons are ejected is independent of the light inten- 
sity, but varies as one uses light of different colours. 
Einstein gave a simple explanation of this phenomenon; 
in terms of photons (the quanta of radiation), an electron 
that had absorbed a violet photon was emitted from the 
metal with a higher velocity than one energised by a red 
photon. This hypothesis he published in a paper entitled 
“On a Heuristic Point of View regarding the Production 
and Transformation of Light’’, and this paper was a minor 
bombshell, demanding as it did a re-examination of the 
whole electromagnetic theory of light. 

Einstein had by now published revolutionary papers on 
Brownian movement, molecular dimensions, on the pro- 
duction and transformation of light and the electro- 
dynamics of moving bodies. In view of this intellectual 
achievement his job at the Patent Office seemed rather 
incongruous to local scientists, who attempted to get him 
a teaching appointment at Zurich University. To hold a 
teaching job then was not Einstein’s desire: he tried his 
hand at lecturing, but he was not over-successful. One of 
the professors at Zurich told him his lectures were not at 
the right level for the students, and Einstein answered, in 
a reply that somehow achieves both kindliness and con- 
tempt, “I don’t demand to be appointed professor at 
Zurich.” 

At this time his friend Friedrich Adler was the strongest 
candidate for the chair of physics at Zurich, but he took 
the extraordinarily unselfish step of telling the appoint- 
rents board that “If it is possible to obtain a man like 
Einstein, it would be absurd to appoint me. I must quite 
frankly say that my ability as a research physicist does not 
bear even the slightest comparison to Einstein’s.”” And so, 
in spite of the fact that Zurich’s leading professor of 
Physics disapproved of his teaching method, Einstein was 
appointed professor ‘extraordinary’. It was indeed an 
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Einstein’s father. 


extraordinary post, coupling as it did prestige and penury;: 
the pay was so low that his wife had to supplement the 
family income by taking in boarders! As Einstein joked, 
“In my relativity theory I set up a clock at every point in 
space, but in reality I find it difficult to provide even one 
clock in my room.” 

Then in 1910 he won the chair of theoretical physics at 
the German University in Prague, the oldest university of 
Central Europe. The first rector of this university was 
Ernst Mach, from whose writings Einstein himself had 
gained much inspiration. His closest associate at Prague 
was Georg Pick (who was to die at over eighty in a Nazi 
camp), and he suggested to Einstein that the tool he needed 
for further development of his ideas was the ‘absolute 
differential calculus’ of the Italians Ricci and Levi-Civita. 

Contemporary life in Prague and Bohemia has been well 
described in the novels of Max Brod. One of his novels 
was The Redemption of Tycho Brahe, and his portrayal of 
the great Danish astronomer (whose last years were spent 
in Prague) is said to have been influenced by the impression 
Einstein made on him. After reading this book, the Ger- 
man chemist, Nernst, said to Einstein, ““You are this man 
Kepler.”’ 

The passage in Dr. Frank’s book describing Einstein’s 
work at Prague is especially revealing, not unexpectedly, 
since Dr. Frank succeeded Einstein in the Prague chair of 
theoretical physics and has devoted himself in Boswellian 
fashion to the pleasure of being Einstein’s biographer— 
Frank does not so much admire Einstein as worship him, 
and his book, Einstein, His Life and Times, is by far the 
most valuable biographical study of the master yet 
published. Frank describes Einstein as a good teacher, 
having these two important characteristics: “The first was 
his desire to be useful and friendly to as many as possible 
of his fellow beings, especially those in his environment. 
The second was his artistic sense, which impelled him not 
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only to think out a scientific train of thought clearly and 
logically, but also to formulate it in a way that gave him, 
and everyone who listened to him, an aesthetic pleasure. 
This meant that he liked to communicate his ideas to others.” 

But that ‘lighthouse-keeper’ trait in Einstein, that trait 
which separates him from the rest of the world, naturally 
interferes with his desire to communicate ideas. Dr. Frank 
describes how this trait has always left him a lonely person 
among his students, his colleagues, his friends and his 
family. In that remarkable autobiography of Leopold 
Infeld entitled Quest (Gollancz, London, 1941) there is 
confirmation of these remarks of Frank. Infeld says, 
‘**Einstein tries consciously to keep his aloofness intact by 
small idiosyncrasies which may seem strange but which 
increase his freedom and further loosen his ties with the 
external world.’’ To leave himself free to develop his ideas 
with as little interruption from the world that could so 
easily divert from his life’s work, Einstein goes a long way, 
so far indeed that many mistake his very rational way of 
life for a bundle of eccentricities. For instance, Infeld tells 
how a Princeton colleague asked him, “If Einstein dislikes 
his fame and would like to increase his privacy why does 
he not do what ordinary people do? Why does he wear 
long hair, a funny leather jacket, no socks, no suspenders, 
no collars, no ties?” Infeld explains it all in these words: 
*“The answer is simple and can easily be deduced from his 
aloofness and desire to loosen his ties with the outside 
world. The idea is to restrict his needs and, by this restric- 
tion, increase his freedom.’’ The majority of men, says 
Infeld, are slaves to a host of things and persons, many of 
them quite irrelevant to a scientist's work. Einstein con- 
centrates upon the necessities of life, and keeps them to 
the minimum. “Long hair minimizes the need for the 
barber. Socks can be done without. One leather jacket 
solves the coat problem for many years. Suspenders are 
superfluous, as are nightshirts and pyjamas. It is a mini- 
mum problem which Einstein has solved, and shoes, 
trousers, shirt, jacket, are the very necessary things: it 
would be difficult to reduce them further.” 

These comments of Infeld match exactly another remark 
of Frank’s, about the qualities of Einstein as a lecturer, 
‘““He tried to reduce every subject to its simplest logical 
form.” 

Regular lecturing has always been irksome to Einstein. 
To lecture regularly, explains Frank, “‘requires that the 
material for an entire course shall be so well organised 
and arranged that it can be presented interestingly 
throughout the year. It means that the lecturer has 
Oo interest himself as much in each individual problem as 
Einstein did in the problems on which all his energy was 
concentrated. The lecturer must devote himself completely 
to the material that he is to discuss, and consequently it 
is very difficult to find time for one’s own research. All 
creative activity requires a great deal of reflection and 
contemplation, which a superficial observer would regard 
as a useless waste of time.’ (There is an important moral 
to be learnt from this passage, which brings home the great 
mistake that many scientists make when they argue that 
the best science teacher is the active research worker, a 
fallacy that has led to a great depression of the level of 
science teaching in British universities.) 

As one would expect, Einstein’s lectures have always 
been uneven. Frank says this: “‘He has not been a brilliant 
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lecture-room professor, capable of maintaining the same 
level of interest and excellence in his lectures for an entire 
year. His single lectures before scientific societies, con- 
gresses and wider audiences, however, were always imbued 
with a high degree of vitality and left a permanent impres- 
sion on each listener.” 

Carried to its logical conclusion, Einstein’s theory 
led to very novel deductions; some were so surprising that 
scientists who failed to understand his line of reasoning 
made great efforts to hide their lack of understanding by 
calling his results ‘paradoxical’, ‘absurd’, ‘incompatible 
with sound logic and psychology’, and so on. There was 
bound to be resistance to any theory as revolutionary as 
Einstein’s, and this resistance was long-drawn-out. 

Max Planck said (as early as 1910), “If Einstein’s theory 
should prove to be correct, as I expect it will, he will be 
considered the Copernicus of the twentieth century.” 
Certainly Einstein’s basic assumption, which has been 
neatly if colloquially expressed in the words, “There is no 
hitching-post in the universe’’, was as disturbing to the 
twentieth century as Copernicus’s ideas were to the six- 
teenth. There was plenty of opposition to his views, and 
the opposition lingered on, as can be readily appreciated 
from this quotation from a reputable English encyclopedia 
of 1931: His doctrine, falling in with the reaction towards 
mysticism, Owes none of its success to any lucidity or per- 
suasiveness on Einstein’s part. His exponents prefer their 
own expressions and illustrations, especially in the matter 
of the relativity of simultaneity. It has been epigrammati- 
cally said of Einstein that*he takes a formula and calls it 
a theory. 

But Einstein’s views were gaining acceptance in the 
circles that mattered. One conference which gave him an 
excellent opportunity to explain where his theory was 
leading was the Solvay Conference of 1911; thanks to the 
useful eccentricity of the Belgian chemical magnate who 
liked to surround himself with great scientists from all 
countries, Einstein was able to expound his theory to the 
distinguished delegates to the conference, including 
Rutherford, Poincaré, Langevin, Planck, Nernst, Lorentz 
and Madame Curie. 

Einstein left Prague in 1912, to become professor of 
theoretical physics at the Zurich Polytechnic, the institution 
from which he graduated. But it was not long before 
Planck and Nernst arrived in Zurich to persuade him to 
switch to Berlin where he would be able to devote all his 
time to research, and come in contact with the leading 
scientists of Germany. He accepted the invitation and left 
Zurich in 1913. | 

Soon after taking up his appointment at the Kaiser 
Wilhelm Institute in Berlin he separated from his wife. 

Berlin was rich in scientific talent; surrounded as he was 
for the first time by brilliant scientists, Einstein must have 
gone through a powerful inner conflict before his wish to 
co-operate with others was reconciled with his natural 
aloofness, that desire for isolation which found ex- 
pression in his frequent remarks about the need for a 
scientist to earn his living in a ‘cobbler’s job’°—in many 
ways his old job at the Swiss Patent Office suited him 
better than this Berlin post. He was acutely conscious 
that ‘“‘discoveries cannot be made to order, and if I don’t 
discover anything I shall disappoint my employers and 
receive my pay for nothing”. But the conference the 
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physicists held in Berlin each week was a valuable stimu- 
lant to Einstein. These weekly seminars brought him into 
discussion with such men as Planck, Nernst, Max von 
Laue, Franck, Gustav Hertz, Lise Meitner (whom Einstein 
thought a more talented scientist than Madame Curie), and 
Erwin Schrodinger. Dr. Frank says that after Einstein’s 
departure from Berlin in 1933 the seminar “‘presented the 
appearance of a gathering from which the guest who had 
endowed it with lustrous brilliancy had departed’’. For 
Einstein met no peer in Berlin: as Prof. Ladenburg, one 
of his colleagues there, has said, ‘“‘There were two kinds of 
physicists in Berlin: on the one hand there was Einstein, 
and on the other all the rest.” 

In spite of his success in maintaining a ‘free space’ 
around himself to protect him from disturbances (to quote 
Frank), Einstein was never particularly happy in Berlin, 
for the Prussian tradition repelled him—he once said, 
“These cool blonde people make mie feel uneasy; they have 
no psychological comprehension of others. Everything 
It is well 


stood him even though he had been so largely instrumental 
in getting Einstein the Berlin appointment and supported 
his election to the Academy. Prussian reserve was a barrier 
to sympathetic understanding, and to a man of Einstein’s 
sensitivity a barrier every bit as real as any physical barrier. 
But between Einstein and the Austrian Schrodinger (who 
succeeded Planck) there was “immediate understanding 
without any long explanations”’. 

Science in Berlin had reached the pitch when quantity 
rather than quality of research results was coming to be 
regarded as important; as Frank puts it, “‘Everything pro- 
duced was a ‘contribution to the literature’, which had to 
be referred to by every subsequent writer if he wanted to 
be ‘scientific’.”’ Carried to extremes, such an attitude 
towards science results in the chaff of trivial discoveries 
becoming almost inseparable from the really important 
ideas. To Einstein this intellectual atmosphere was uncon- 
genial, for he differed from nearly all his colleagues in 
much the same way as a poet differs from a prose-writer. 
He never ploughed the easy furrow, seeking to solve only 
those problems that arise naturally ‘‘when investigating 
the fundamental bases of natural phenomena’’. How dif- 
ferent from the quite common approach which Einstein 
describes in this remark about a certain well-known 
physicist, ‘“‘He strikes me as a man who looks for the 
thinnest spot in a board and then bores as many holes as 
possible through it.’’ To quote the indispensable Frank 
again, “‘He esteemed most highly those who occupied 
themselves with difficult problems whether they were able 
to advance few steps in this thicket, or whether they them- 
selves could not extend our knowledge in any positive 
sense, but were only able to make clear to the world the 
Magnitude of the difficulties involved.”’ The Einstein 
approach naturally put him at loggerheads with the 
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had many students working with him. Moreover, ‘‘What- 
ever he undertook was always so difficult that he alone was 
able to carry it through.” 

But to any student profoundly interested in a particular 
Problem, no matter how simple, Einstein would give any 
amount of his time. When he went to Berlin he told his 
Students, “‘If you have a problem, come to me with it. 
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I shall always be able to receive you. You will never 
disturb me, since I can interrupt my own work at any 
moment and resume it immediately the interruption is 
past.”’ Frank stresses the other factor that brought Einstein 
into close contact with his students: “‘This was his need 
to clarify his ideas for himself by expressing them aloud 
and explaining them to others. Thus he often conversed 
with students about scientific problems and told them his 
new ideas. But Einstein did not really care whether the 
listener actually understood what was being explained, or 
not; all that was necessary was that he should not appear 
stupid or uninterested.” 

Before Einstein had spent a whole year in Berlin, the 
first World War began. One can imagine the shock to 
Einstein of the outbreak of war, especially as many of his 
scientific colleagues signed the famous Manifesto of the 
Ninety-two German Intellectuals, which asserted that 
‘German culture and German militarism are identical’’— 
a document which set the fashion for the abuse of art and 
science to make the double-edged weapon of so-called 
‘cultural propaganda’. For their part, his German col- 
leagues looked upon Einstein as something of a renegade, 
a deserter in Germany’s hour of need. Frank comments, 
“Only his Swiss citizenship saved Einstein from being 
looked upon as a traitor.”’ Some measure of peace of mind 
was restored to Einstein with his second marriage; during 
the war he married his cousin Elsa, a widow with two 
daughters, and a better match than his first wife. She was 
very proud of Einstein’s achievements, whose great signi- 
ficance she appreciated instinctively, and she was im- 
mensely successful at relieving him of the cares of everyday 
life. She made it difficult for people to waste Einstein’s 
time, which made her unpopular with certain professors, 
who got back at her with complaints that she selfishly 
forced upon Einstein acquaintance with writers, artists and 
politicians instead of scientists. But, as Frank says: 
‘‘Einstein was certainly not the man to be easily influenced 
in the choice of his company. He liked to mingle with all 
kinds of people... .”’ If his wife does not possess the 
intellectual capacity or training to understand his theories, 
she certainly knows how to clear up the hundred and one 
problems that a genius leaves behind in his comet-like 
career; it is she who clears up the muddle when Einstein 
uses a cheque for 1500 dollars as a book-mark, and then 
forgets where he has put the book! 

The war did not prevent Einstein from improving his 
theory of gravitation. Working up ideas that occurred to 
him at Prague and Zurich, he succeeded by 1916 in 
developing a unified theory of gravitation, in which the 
motion of a body is specified in four-dimensional terms. 
Einstein needed a phenomenon on which to test this theory, 
and he found it in the observed motion of Mercury. This 
planet did not move exactly as predicted by Newton’s 
theory, and all previous attempts to explain this discrepancy 
had been fruitless. But Einstein’s calculations tallied with 
the actual rotation of Mercury, and so provided one 
powerful proof of the validity of his theory. Einstein then 
proceeded to predict how rays of light should be deflected 
as they passed close to the sun’s surface, and he also worked 
out the change in wavelength of light emitted by a star. 
Light emitted by a star has to pass through the gravitational 
field of that star; this should mean a shift towards the 
red end of the spectrum. Proof of the first of these two 
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Fic. 1.—Einstein making final application for United States citizenship. Fic. ! | 
Einstein, leaving the Brooklyn Jewish Hospital after an abdominal operation. Fic. 3.—One of Einstein's 
hobbies is sailing. This is the yacht which his Berlin friends gave him on his fiftieth birthday. 





Fic. 4.—Einstein and _ Professor 
Harold C. Urey confer, about the 
campaign of the Emergency Com- 
mittee of Atomic Scientists to 
finance an educational campaign 
throughout America on the social 
implications of atomic energy. 


Fic. 5.—Euinstein, the violinist, 
whose favourite composer 1s 
Mozart. 


Fic. 6.—Einstein and his wife. 
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predictions had to wait until May 29, 1919, when two 
expeditions sent out by the Royal Society of London 
observed the total eclipse of the sun in Brazil and West 
Africa. 

The photographs obtained by these expeditions proved 
that Einstein was right; the rays of light were deflected 
by the sun’s gravitational field in the way he had pre- 
dicted. The excitement which prevailed at the joint 
meeting of the Royal Society and the Royal Astronomical 
Society at which the expeditions’ results were officially 
announced is perfectly described by the late A. N. White- 
head: The whole atmosphere of tense interest was exactly 
that of the Greek drama. We were the chorus commentating 
on the decree of destinv as disclosed in the development of 
a supreme incident. There was dramatic quality in the very 
staging—the traditional ceremonial, and in the background 
the picture of Newton to remind us that the greatest of 
scientific generalisations was now, after more than two 
centuries, to receive its first modification. Nor was the 
personal interest wanting; a great adventure in thought had 
at length come safe to shore. The essence of dramatic 
tragedy is not unhappiness. It resides in the remorseless 
working of things. . . . This remorseless inevitableness is 
what pervades scientific thought. The laws of physics are 
the decrees of fate. 

Sir J. J. Thomson opened the meeting with an address 
describing Einstein’s theory as ‘one of the greatest achieve- 
ments in the history of human thought’. “It is not the 
discovery of an outlying island,” he said, ‘“‘but of a whole 
continent of new scientific ideas. It is the greatest discovery 
in connexion with gravitation since Newton enunciated 
his principles.” In a brief dispassionate summing-up of 
the observations of the two expeditions the Astronomer 
Royal reported: “It is concluded that the sun’s gravita- 
tional field gives the deflection predicted by Einstein’s 
generalised theory of relativity.” 

Creative scientists everywhere were quick to grasp the 
significance of Einstein’s discovery, but the so-called 
‘educated people’ resented its awkward impact on their 
traditional knowledge and traditional thoughts. His theory 
came in for widespread criticism on philosophical and 
political grounds. One typical reaction was that of the 
reputable American newspaper which commented, ‘“‘These 
gentlemen (the scientists present at the historic meeting of 
the Royal Society and the Royal Astronomical Society) 
may be great astronomers, but they are sad logicians. 
Critical laymen have always objected that scientists who 
proclaim that space comes to an end somewhere are under 
some obligation to tell what lies behind it.”’ 

It is interesting to note that many newspapermen, better 
able to appreciate news and novel ideas, gave a much 
more intelligent reception to Einstein’s discovery. For 
example, in America Carr V. Van Anda, of the New 
York Times, who had long cherished the hunch that a flaw 
might be found in Newtonian theory, opened all the ‘flood- 
gates of publicity’ which he controlled on Einstein and his 
work immediately after reading the report of the London 
meeting vindicating Einstein’s theory. 

There is interest, too, in the nationalistic reaction to the 
discovery. British papers tried to sever Einstein from his 
German background because it would not be sound policy 
to credit the discovery to a member of a hated race. 
Finstein detested this, as he hated all manifestations of 
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narrow-minded nationalism. In The Times of November 28 
he took the opportunity to ridicule, albeit with character- 
istic kindliness, this attitude; he wrote, 


The description of me and my circumstances in “The 
Times” shows an amusing flare of imagination on the part 
of the writer. By an application of the theory of relativity 
to the taste of the reader, today in Germany I am called 
a German man of science and in England I am represented 
as a Swiss Jew. If 1 come to be regarded as a béte noir 
the description will be reversed, and I shall become a 
Swiss Jew for the Germans and a German for the English. 


The Times, incidentally, did not take his joke with the 
good humour that characterises that paper’s ‘fourth 
leader’. 

In Germany some castigated Einstein’s theory as 
‘Bolshevism in physics’, while some scientists in Soviet 
Russia damned it for the idealistic atmosphere which they 
claimed was the inspiration of Einstein’s ideas—as it was 
“received with delight by the bourgeois intelligentsia’, it 
must be a bad theory! 

Frank comments: “‘For Einstein this intrusion of politics 
and nationalism into the judgment of his theories was 
completely astonishing—indeed, hardly comprehensible. 
For a long time he had hardly paid any attention to these 
things and had not even noticed many such attacks. But 
gradually complete absorption in the regularities of the 
universe began to be difficult. More and more the anarchy 
of the human world pushed itself into the foreground. 
With brutal force it slowly but surely laid claim to part of 
his intellectual energy.” 

Einstein was now a great public figure, a role he much 
disliked, but whose responsibilities he recognised fully and 
accepted in all seriousness. The isolation of his ‘ivory 
tower’ had gone for good. His great influence he now 
proceeded to use in a myriad of good causes, though he 
would probably have made his influence felt more effec- 
tively had he been more discriminating—though it is hard 
for a man as good at heart as Einstein to refuse his support 
to a cause which seems to be well-intentioned even though 
it is utterly trivial. Party slogans always nauseated him, 
but he was prepared to lend his support to a big variety of 
causes, in particular Zionism, pacifism and socialism. 

Tolerant of so many things and people, he was always 
intolerant of perverted nationalism and racialism. The 
anti-Semitic campaign which centred around him in 
Germany and which might well have ruined a lesser genius, 
was therefore peculiarly disgusting. Leader of the cam- 
paign was a certain Paul Weyland; the attack was directed 
against his ‘Bolshevistic Physics’. This is the kind of 
abuse Einstein had to contend with: “In the last analysis 
one cannot blame workers for being taken in by Marx, 
when German professors allow themselves to be misled 
by Einstein.” Einstein began to contemplate retreat from 
Berlin; he remarked at this time, “‘My situation is that of 
a man who is lying in a beautiful bed, tortured by bedbugs. 
Nevertheless, let us wait and see things develop.” 

The campaign against Einstein became more serious 
when physicists like Philipp Lenard (an early Nazi) began 
to attack him. Lenard developed his attack along these 
lines: Einstein was not an experimenter, he was the inventor 
of a ridiculous theory that ran contrary to common sense 
(refuge of so many scoundrels!), he was a Jew and a 
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pacifist. At a scientific meeting held in 1920 several papers 
on relativity theory were to be read; Planck had to design 
the whole programme with a view to chopping Lenard off 
short—he also had to ask for armed police protection in 
case the meeting got out of hand! Those who hated the 
name of Einstein—their hatred was usually a psycho- 
pathological expression of their scientific jealousy—carried 
the feud to ridiculous limits; instead of attributing the 
E = mc* formula for the equivalence of mass and energy, 
they spoke of the ‘principle of Hasenohrl’, Hasenohrl being 
an Austrian physicist who had put forward a special case 
of Einstein’s general law somewhat earlier. (Ironically he 
was one of Einstein’s sincere admirers!) 

The typical German attitude to Einstein was materialist: 
they thought they ought to be grateful to him because his 
popularity helped to revive the prestige of their defeated 
country, but there were many Germans who were hostile, 
“asserting that he was making propaganda abroad only 
for his own reputation, not for Germany”. Such was the 
anti-internationalist atmosphere of the country where this 
great internationalist did his best work; so strong was this 
atmosphere that the Prussian Minister of Education, a 
Social Democrat, had to beg him not to take these attacks 
seriously and to stay in Germany. Einstein replied that 
‘**Berlin is the place to which I am bound by the closest 
human and scientific ties’, and to confirm his words he 
assumed German citizenship, a step which was to bring him 
nothing but trouble. 

In 1921 he visited America, and from the day he landed, 
holding a briar pipe in one hand and a violin case in the 
other, the trip was to be a very pleasant experience after 
life in post-war Germany. One thing the ship-reporters 
tried to fathom when he arrived in New York Harbour 
was the reason for the public interest in Einstein’s theory, 
and they asked him many shrewd questions with that point 
in mind. Einstein has always been a great success with 
reporters because he treats them as intelligent human 
beings entitled to the information which ordinary adult 
people expect to receive from the scientists whose re- 
searches they finance. One reporter suggested the public 
enthusiasm for relativity theory might be due to the fact 
that it concerned the universe, and therefore had a bearing 
on religion. Einstein agreed this was quite possible, but 
added the comment, “But it will not change the concept 
of the man in the street.” Einstein gave the press a typical 
witticism to print when he concluded the unofficial press 
conference with the words, ““Well, gentlemen, I hope I have 
passed my examination.” 

His popularity with the Press is a phenomenon that 
other scientists could investigate to their profit. After that 
now classic press conference Einstein went into hiding, but 
one resolute reporter found him. “Go away,” said Ein- 
stein, in his slow, reproachful manner, “‘immediately.”’ 
Seeing the disappointment on the reporter’s face, the 
scientist called after him, ““Come back, young man, and 
I will try to answer your questions.” Pen-and-ink artists 
were also barred at this time. But when one of them 
surreptitiously made a sketch, Einstein autographed it and 
added a rhyme in German to the effect that “‘This fat, 
overfed pig seems to be Prof. Einstein’. (This anecdote 
comes from the delightful profile of Einstein by Alva 
Johnston, entitled “Scientist and Mob Idol’’, which was 
first published in The New Yorker.) 
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The public reaction to Einstein’s American trip is 
summed up by Dr. Frank, as follows: ““The enthusiasm 
manifested by the general public on his arrival in New 
York is an event in the cultural history of the twentieth 
century. Einstein took the whole matter very calmly. 
Nevertheless, he was amazed that so many people could be 
interested in things about which he had pondered in silence 
and which he had thought would probably always remain 
limited to a small group. Einstein’s enemies often claimed 
that this enthusiasm had been manufactured by the Press. 
This assertion, however, is as trivial as it is erroneous.” 
Such assertions, as most of us know, are usually a reflex 
of jealousy, and nothing else. 

While in the States Einstein met Edison, who, as Frank 
wisely points out, “‘was to the technicai application of 
physics what Einstein was to its theoretical foundation”. 
I believe Einstein must approve of this simile; he would 
much rather be bracketed with good and useful inventions 
like Edison’s than with the atom bomb, that horrific 
embodiment of Einstein’s formula E = mc*. The visit left 
a great impression on Einstein, as his remark about 
American youth showed: ‘‘Much is to be expected from 
American youth: a pipe as yet unsmoked, young and 
fresh.’ He also noted with approval the fact that women 
took a greater part in American affairs than in Germany 

Einstein also visited Britain. Possibly the most dramatic 
moment of this visit was reached when Einstein laid a 
wreath on Newton's grave in Westminster Abbey. He met 
a great many prominent people here, including Lloyd 
George, Lord Haldane, Bernard Shaw and A. N. White- 
head. The Archbishop of Canterbury (who asked J. J. 
Thomson for a memorandum explaining relativity theory!) 
was particularly anxious to meet him; they met at dinner, 
and the Archbishop asked him, *“‘What effect will relativity 
have on religion?”’ The reply he got was, “‘None. Relativity 
is a purely scientific matter and has nothing to do with 
religion.” 

One delightful joke went the rounds of Berlin after this 
visit. In an imaginary conversation Bernard Shaw asks 
Einstein: “‘Tell me, my dear Einstein, do you really under- 
stand what you wrote?” To which Einstein replies, ‘‘As 
much as you understand your things, Bernard.” 

In France his reception was rather less kind; feeling 
towards Germans was bitter, as is expressed in the com- 
ment of the Sorbonne historian, who said, “I don’t under- 
stand Einstein’s equations. All I know is that Dreyfus 
adherents claim he is a genius, while the Dreyfus opponents 
say he is an ass.’’ His work was of course appreciated 
by the great scientists of France like Langevin. His stay 
in France gave birth to a notable Einstein witticism to the 
effect that the political Left ‘‘is actually a multi-dimensional 
structure’. Incidentally, as Dr. Frank records, Einstein 
had by then already reached the conclusion that the roads 
to the Right and Left might occasionally lead to the 
same end. 

In 1922 Einstein was awarded the Nobel Prize—znort, as 
might be expected, for his theory of relativity, which was 
a little too controversial for the Swedish Academy’s staid 
selection committee, but “for the photo-electric law and 
his work in the field of theoretical physics’. This was 
unfortunate, for it played right into the hands of Einstein’s 
enemies, who focused attention upon the words of the 
Official citation, and pointed out that the relatively minor 
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discovery mentioned therein was not of ' 
sufficient importance to merit a Nobel Prize. 
Lenard, in his typical bull-in-the-china-shop 
manner, himself wrote to the Swedish 
Academy, branding the whole affair as an 
attempt “‘to restore Einstein’s lost prestige 
without compromising the Academy itself”’. 
Which only goes to show how foolish such 
bodies can make themselves look when they 
lack the courage of their own convictions, 
and when they fail to express those convic- 
tions publicly. 

Next landmark in Einstein’s life was his 
fiftieth birthday. In the same year news got 
around that he was working on a unified field 
theory. The newspapers went to great lengths 
in their attempts to get ‘hard’ news about it at 
the earliest possible moment; they even tried 
to get from the printer galley proofs of the 
eagerly awaited paper he had sent to the 
Prussian Academy, and when these failed one 
enterprising American journal arranged to 
have the paper transmitted in its entirety to 
New York by photo-telegraphy immediately 
on publication. As the new paper in the 
main consisted of complicated mathematical 
formulae, the operator who received the 
photo-copy must have got quite a shock! This 
is Dr. Frank’s comment on the new theory: 
“For the public at large the new theory was 
even more incomprehensible than the pre- 
vious theories. For the expert it was an ac- 
complishment of great logical and aesthetic 
perfection.” 

His fiftieth birthday was an occasion for 
world-wide celebration. A group of American 
Zionists bought a plot of land in Palestine, 
planted it with trees on his birthday, and 
called it the Einstein Grove. An unemployed Berliner 
sent him a small packet of tobacco, with a slip inside 
saying, ““There is relatively little tobacco, but it is from a 
good field.”’ Friends in Berlin had clubbed together and 
presented him with a magnificent yacht. (Sailing on the 
Wannsee was his great hobby while he lived in Berlin. 
To quote Alva Johnston, “There is one thing that will 
strike sparks from the philosopher, and that is any reflec- 
tion on his yachtsmanship. As a scientist, he is meek and 
humble; as a skipper, vain and arrogant. A slur on his 
navigation . . . changes his whole character.’’) 

By the summer of 1932 Germany was on the brink of 
falling to the Nazis. That autumn Einstein and his wife 
left for California, with the presentiment that they would 
never again see their home at Caputh. January 1933 saw 
Einstein discussing problems with the astronomers of 
Mount Wilson QObservatory—it also witnessed Hitler’s 
appointment as Chancellor of the German Reich. The 
purge of the universities began immediately; the season for 
shooting Jews was declared open, and Lenard and Stark 
were now able to throw themselves without restraint into 
the fashionable academic sport of Jew-baiting. National 
Socialism is not an enemy of science—said the Nazi Minister 
of Education—but only of theories. So Einstein was 
double-damned, as a Jewish theorist; and Lenard was free 
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Einstein, from the sketch-book of Joss of The Star. 


to insult Germany's first scientist with remarks about 
‘‘mathematically botched-up theories consisting of some 
ancient knowledge and a few arbitrary additions”. Such 
was the background to the assurance Einstein received 
from the German consul in New York that he need have 
no fear about returning to Germany! 

Einstein sailed for Europe, but took up residence in 
Belgium, near Ostend. He was sure he would not escape 
the purge, and there was only one question he had to 
answer: Should he resign from the Prussian Academy or 
should he wait for them to expel him? He resigned. The 
leading member of the Academy was Planck, who opposed 
the Nazi campaign against Jewish scientists. But it was 
Nernst who fought most bravely as a true scientist and 
internationalist for Einstein. “‘How will posterity judge 
our Academy?” Nernst asked. ‘“‘Won’t we be regarded as 
cowards who yielded to force?” At one meeting of the 
Academy Nernst said, ““Why should one demand of a 
member of the Academy, who is a great mathematician, 
that he should also be a nationally minded German? Were 
not d’Alembert, Maupertuis and Voltaire members of our 
Academy, of whom we are proud even today? And these 
men, moreover, were Frenchmen.” The Academy took 
the cowards’ line—possibly they could take no other; they 
had “no reason to regret Einstein’s resignation’, they 
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announced, and added, in best Dr. Goebbels style, “The 
Academy is aghast at his agitational activities abroad... . 
Even though we have kept apart from all party politics, 
yet we have always emphasised our loyalty to the national 
idea.” Einstein, who is about as capable of agitation as 
he is of organising atrocities, flung the lie back at the 
Academy in a letter (dated April 5) which ended with these 
words: °* I have been libelled in the Press, and the 
Academy by its communications to the newspapers has 
assisted this libel.” His farewell letter to the Academy, 
written on April 12, referred to the Academy's suggestion 
that a kind word from him about the German people 
would have had a great effect abroad; he continued: 


To this | must reply that such a ‘kind word’ would have 
been a denial of every concept of justice and freedom for 
which I have fought all my life. Such testimony would 
not have been, as you put it, a “kind word’ for the German 
people. On the contrary, such a statement would only 
have helped to undermine the ideas and principles by 
means of which the German people have acquired an 
honourable place in the civilised world. By such a testi- 
mony I would have contributed, even though indirectly, 


to the barbarisation of morals and the destruction of 


cultural values. Your letter shows me only how right 1 
was to resign my position in the Academy. 


The Belgian Government was seriously concerned for 
Einstein’s safety, as a result of rumours (probably Nazi- 
inspired) that an attempt might be made to assassinate 
him, that it provided Einstein with a couple of bodyguards 

much to his annoyance. 

Events brought a new streak of realism to Einstein's 
views, particularly his views on pacifism. Young Belgium, 
like Young England, was intensely pacifist, and a group 
of students turned to Einstein for his support. They were 
surprised when he explained that principles were not to 
be considered as ends in themselves; if Belgium became 
involved in war against her big neighbours, everyone should 
fight as best he could for his country’s freedom, Einstein 
told them. He saw quite clearly that those democrats who 
opposed war were actually working for the victory of the 
greatest military power. 

Britain rendered great service to the refugee scientists 
from Germany. The campaign on their behalf was launched 
in London by the Academic Assistance Council (led by 
Rutherford) with a great meeting at the Albert Hall, which 
will always remain a vivid memory in my mind as it will 
in the minds of all the younger scientists who were present. 
Finstein was the principal speaker, and one felt the magni- 
ficent pathos of the greatest scientist of our century stand- 
ing there as a symbol of al! those scientists whom the Nazis 
expelled from their homeland. As Frank says, Einstein 
did not need to use strong words, “‘the cause spoke for 
itself’. On that occasion he said of Germany, “It cannot 
be my task to act as judge of the conduct of a nation which 
for many years has considered me as her son. Perhaps it 
is an idle task to judge in times when action counts.” 

Einstein, of course, could have had any post he desired. 
Among the universities which offered him chairs were 
Madrid, Jerusalem, and the Sorbonne. But he turned all 
these down in favour of the Institute for Advanced Study at 
Princeton, that novel institution for research and teaching 
which had just been established. This offered him an ideal 
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niche, and it is interesting to note that he had been promised 
it in 1932, months before the Nazis gained absolute control 
of the Reich. During his first years at Princeton, Einstein 
had as his assistant the talented Polish physicist, Leopold 
Infeld. The popular book, Evolution of Physics, which they 
wrote together, resulted from Infeld’s need to finance his stay 
at the Institute. Infeld’s other book, Quest: The Making 
of a Scientist, one of the best scientific autobiographies 
ever published, gives some intimate glimpses of Einstein 
at work and sheds light on the great man’s character. 

Einstein had taken on a great many philanthropic 
activities, particularly in connexion with purged scientists, 
but in the midst of all these efforts, charitable, social and 
sometimes political, he would occasionally pause and make 
a remark to the effect that ‘“‘sincerely speaking, I have 
never been much interested in people but only in things— 
physical phenomena and methods of handling them”’. 

Einstein differed from most of his fellow refugees in 
that he was not homesick. ‘‘Everything seems to me so 
fine in America that I am not homesick for any country, 
to say nothing of Herr Hitler's Germany,” he told Erika 
and Klaus Mann. 

The world was moving inevitably towards its second 
great war. The discovery of uranium fission in Berlin 
made the atom bomb a practical possibility—in passing it 
is noteworthy that Discovery was the first paper in the 
world to point this out, in September 1939—and this fact 
had to be made clear to President Roosevelt. Leo Szilard 
and Fermi, with the aid of Eugene Wigner, persuaded 
Einstein to make a direct appeal to the President. On 
August 2, 1939, Einstein wrote the President. His letter 
began: 


‘“Some recent work by E. Fermi and L. Szilard which 
has been communicated to me... leads me to expect 
that the element Uranium may be turned into a new 
and important source of energy in the immediate future. 
... Asingle bomb of this type... exploded ina port... 
might very well destroy the whole port, together with 
the surrounding territory... .” 


In this way the practical pacifist pressed the button and 
started the whole complicated machinery working which 
was eventually to create the great Manhattan Project. 
When the products of this huge and terrifying enterprise 
burst on Hiroshima and Nagasaki, Einstein immediately 
went into action with all the other socially conscious and 
conscience-stricken scientists in America, and lent his 
powerful support to the campaign to bring home to 
Americans the need to control atomic energy by inter- 
natonal agreeme2nt. He was sufficient of a realist to know 
that control of atomic energy, so urgently needed if 
mankind is to survive, was primarily a political problem, 
not a technical one. It is to be noted that during the 
campaign to educate American and world opinion on this 
problem he has supported every sane and constructive 
suggestion towards its solution and exposed every partisan 
and fraudulent claim—and there have unfortunately been 
all too many claims of that character, claims which have 
not stopped this side of lying. 

In 1945 Einstein relinquished his post as professor at 
the Institute for Advanced Study. This, however, has not 
changed his way of life; he still does research at the Institute, 
and he still does an infinitude of kind acts outside it. 
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Fic. 1.—The Hawker N 7/46. 


Progress in Jets 


By OUR AIR CORRESPONDENT 





Just over four years ago, in November 1944, I wrote the 
first article to appear in DiIscOvERY on jet-propulsion 
aircraft. At that time only a few bare details of Whittle’s 
gas turbine developments had been released, together with 
photographs of the prototype Gloster jet fighter. This was 
then already. out of date, as I hinted. 

No mention could be made at that time of the early 
Meteors (developed from that prototype), which were just 
coming into service with the Royal Air Force. Nor were 
we allowed to say anything—even if we had known much 
—of the work that was going on at de Havilland’s on the 
Goblin engine and the Vampire fighter. 

Just back from a visit to the Second Tactical Air Force 
on the Western Front, I quoted a ‘high ranking’ R.A.F. 
Officer for the opinion that in two years all combat aircraft, 
particularly short-range fighters, would be powered by jet 
engines. The ‘high ranking’ officer whose name I could 
not then divulge, was in fact the Commander-in-Chief of 
the Second T.A.F., Air Marshal Sir Arthur Coningham. 


The Luftwaffe were already putting Messerschmitt 262 
jet-engined aeroplanes into operation against our troops, 
chiefly as fast ‘sneak bombers’, and Sir Arthur was anxious 
to get some of our jet fighters into action. 

Early in 1945 I saw our first few Meteors at Melsbroek 
airfield, just outside Brussels. But though they were. based 
there and later in Holland there was never a jet versus jet 
combat. The nearest to it was when the Meteors went 
into action against some of the German flying bombs. 

But how far we have gone in these last four years! 

Sir Arthur Coningham’s prophecy has not yet been 
fulfilled, but when he was so tragically lost in the ‘Star 
Tiger’ airliner disaster in the Atlantic in January 1948, he 
had seen post-war aircraft developments go a long way 
towards the goal he had forecast. Now we talk, no longer 
perhaps so rashly, of supersonic airliners. Indeed, Mr. 
Peter Masefield, Director of Long-term Planning at the 
Ministry of Civil Aviation, has spoken of being able to 
travel with rocket projectiles to “‘anywhere in the world 
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Fic. 5.—Vickers Nene *VIKING’. 








Fic. 8.—Hawker N 7 46 (or P.1040). 
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Fic. 2.—The Avro Tupor VIII, the world’s first 4-jet airliner, on its initial flight. Its all-up weight is 80,000 Ib. 
and its maximum cruising speed at 25,000 feet is 350 m.p.h. 


within the hour.”’ That stage is still far enough away to 
remain in the ‘long-term planning’ category. All the same, 
inthe years since the war we have seen British and American 
jet fighter aircraft add to the world’s speed record until it 
now stands at 670 m.p.h. to the credit of the North 
American F.86 swept-back wing fighter. We have thus 
seen additional speeds of 250 m.p.h. in four years of fighter 
development. 


The Sonic Barrier 


America holds the speed records, but we undoubtedly 
still lead the world with our jet engines. The American 
speed achievement is a great step forward which I do not 
intend to belittle. But we should not forget that it is easier 
to reach 670 m.p.h. at Lake Muroc, California, than it is 
here. With modern high speeds and the little we know 
about the sonic-wave ‘barrier’, aircraft scientists tend to 
place more importance on the Mach number reached 
rather than the actual speed in miles per hour. Named after 
Dr. Ernst Mach, an Austrian scientist, the Mach number 
indicates the aeroplane’s relation to the speed of sound, 
with Mach 1 representing sonic speed. 

The speed of sound varies from about 660 m.p.h. at 
30,000 feet to about 760 m.p.h. at sea level. It also varies 
with temperature, increasing in warm places. 


So in California, where the Americans have a speed 
course laid out across the dried up Lake Muroc, the speed 
of sound is higher than it is in England. This means that 
U.S. jet-planes can be flown faster than ours before the 
sonic ‘barrier’ shock waves affect them. 

The 670 m.p.h. of Major R. Johnson is a magnificent 
achievement, and represents a higher Mach number than 
anyone has flown at sea level in Britain. But when it is 
registered in Mach numbers it is not such a big leap 
forward as it seems when given in miles per hour. The 
616 m.p.h. reached by Group Captain Donaldson's Meteor 
at Littlehampton on a cool September evening was 
approximately the same percentage of the speed of sound 
as 650 m.p.h. would be under the almost tropical conditions 
at Lake Muroc. In other words Donaldson met at 616 
m.p.h. the same buffeting effects of the shock waves as an 
American pilot would at 650 m.p.h. in the Californian 
sunshine. 

The tendency now is to ‘get up’ and carry out supersonic 
research flying at high altitudes where the speed of sound is 
closer to the maximum capabilities of the aircraft—and 
where, of course, there is more room for manoeuvring 
when the shock waves which build up over the wings as the 
speed of sound is approached begin to make themselves 
felt. 

So it was that John Derry, de Havilland test pilot, 
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recently became the first British pilot to fly faster than 
sound. On September 6, over Windsor, he dived from 
about 40,000 feet to 25,000 feet exceeding the speed of 
sound on the way down. His speed is believed to have 
been approaching 700 m.p.h.—supersonic at that height 
though not if the flight had been made down near the 
ground. 

Flying the experimental D.H. 108, Mr. Derry was 
carrying Out part of a routine research programme in 
which, a few days earlier, he had achieved Mach numbers 
rising from 0-91 to 0-95. This little tail-less, swept-back 
wing single-seater, in which Derry holds the world’s 
100 kilometres closed circuit speed record at 605 m.p.h., 
is One of our principal research aeroplanes. A lot of 
Britain’s aviation future is staked in the D.H. 106 Comet 
airliners, destined for the transatlantic routes of British 
Overseas and British South American Airways Corpora- 
tions in the 1950's, and the little D.H. 108 is used to collect 
data for the Comet, which will be similar in shape. 

Another de Havilland aircraft, a Vampire, holds the 
world’s aeroplane height record—59,492 feet, reached by 
Mr. John Cunningham last March. This Vampire was 
fitted with a D.H. ‘Ghost’ engine, of the type that will be 
used to propel the Comet airliners. 

Gloster Meteors and de Havilland Vampires are the 
two standard Service jet fighters, and both these magni- 
ficent aeroplanes are being built for other Western Euro- 
pean air forces as well as the Dominions. De Havilland 
Goblin engines are now being built under licence in Sweden 
and used in the Swedish-built jet fighter, the SAAB 21, 
while a new Swedish swept-back wing fighter, tremendously 
fast, is now undergoing development with a Ghost engine. 
Various licences for building in foreign countries have 
been given by Rolls-Royce for their ‘Nene’ engines, 
including one in America, where the ‘Nene’ is being used 
to power the Grumman Panther fighter for the U.S. Navy. 

Other types are being developed here. One notable 
new fighter is the new Nene-engined Hawker N7 46, 
designed both as a carrier and land-based fighter. All 
performance details are still on the secret list, but those 
of us who have seen this aeroplane in flight know that it has 
terrific speed, wonderful maneceuvrability and climbs like a 
flash. 

There is the Saunders-Roe jet-engined flying-boat 
fighter, the first of its kind in the world; and the Super- 
marine Attacker, jet successor to the Spitfire, just as the 
N 7 46 ts the jet-engined descendant of the Hurricane and 
Tempest. 

So many different kinds of jet fighters have appeared in 
the United States that it is impossible to list them. But 
one of the standard jet fighters of the U.S. Air Force is the 
Lockheed Shooting Star, former speed record holder at 
623 m.p.h. The very first Shooting Star was built around a 
de Havilland engine—just another example of the valuable 
experience in jets we have placed at the disposal of the 
Americans. 

The latest type of American jet single-seater is the 
Northrop X-4 research aeroplane which in outward 
appearance bears a striking resemblance to our de 
Havilland 108. Built for transonic research flying by the 
United States Air Force, the X-—4 has just made its first 
test flights at Lake Muroc. It differs from the D.H. 108 
by having two engines. 
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American publicists often say that their gas-turbine 
aero-engines have caught ours up, but U.S. technicians 
know—and admit—that British engines are still a long way 
ahead. Where we score is in the number of hours our jet 
engines will keep running without overhaul. The Ameri- 
cans have not yet reached anything like the same stage of 
development in this direction. 

In this country de Havillands, Rolls-Royce, Bristols, 
Armstrong-Siddeleys, Metro-Vickers and Napiers have 
all done great work in maintaining our initial lead in 
developing gas turbines, both of the centrifugal and axial 
flow types. One development in which Britain has no 
equal, nor, in fact, scarcely any contender, is the propeller- 
driving gas turbine (the Bristol ‘Theseus’, Armstrong- 
Siddeley ‘Mamba’ and Rolls-Royce ‘Dart’ are examples) 
which has given us an early lead in turbine-engined com- 
mercial aircraft. 

Already we have the Vickers ‘Viscount’ airliner, the 
world’s first ‘jet-prop’ commercial aeroplane to get off 
the ground. It made its first flight last July. Soon, too, 


a similar aeroplane, the Armstrong-Whitworth ‘Apollo’ | 


will be flying. 
Last April another Vickers aircraft, a ‘Viking’ driven 


by two ‘Nene’ pure jets was the first all-jet air trans- | 


port in the world to fly. On July 25 Captain Summers, 
Vickers chief test pilot, flew the machine from London 
to Paris (218 miles) in 34 minutes and back again 
in 36. 

Among the other jet-engined transports is the experi- 
mental Tudor VIII, with four ‘Nenes’, paired off in two 
nacelles. Then in the all-wing class we have the experi- 
mental A.W. 52 which should give us valuable research 
into the problems involved in getting away from the 
traditional cigar-shaped aeroplane. 

Only brief statements have been made by the Air 
Ministry and Ministry of Supply as to jet-engined bomber 
planes. 

America, on the other hand, has ‘told the world’ about 
hers, and in some aviation magazines has said a good deal 
about what Americans believe are being built in Britain. 
But to British aviation writers practically all details of jet 
bombers are highly secret. America has many types, some 
with swept-back wings. One of the biggest is the Boeing 
XB-47, a six-jet heavy bomber designed to carry a bomb 
load of ten U.S. tons—20,000 Ib. Then there is the 
Consolidated-Vultee XB-46, a four-jet medium bomber, 
with a wing span of 113 feet, which in 1947 flew from 
Oklahoma City to Wright Field, Dayton, Ohio, at 533 
m.p.h. Again, there is the Martin XB-48 the world’s 
first six-engined jet-plane to fly—in June 1947, and the 
Northrop ‘flying wing’. But these and several other types 
are still reckoned to be experimental. Though Russia is 
known to have some jet bombers (of limited range), if an 
East-West war were to start soon, piston-engined bombers 
would be the mainstay of both sides for some time. And 
what a mix-up there would be, for the Russians have a 
bomber which is an expert replica of the American B.29 
Superfortress. A solid ‘iron curtain’ surrounds Russia's 
jet engines. They have had, we know, a small number of 
Rolls-Royce motors, but most of their gas turbines are 
believed to be developed from the German Junkers ‘Jumo’. 
There are many ex-Junkers scientists and technicians now 
at work in Russia. 
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The World Power Situation 





Professor F. E. 


people in most countries continue to breed like rabbits. 
It is becoming painfully clear to us that the resources of 
our planet are not inexhaustible: in Asia, particularly, a 
Malthusian situation has already developed. To feed 
everyone properly, the total food production of the earth 
will have to be doubled. 

The other shortage which is being forcibly brought to 
our notice is also one of food, not for the human stomach 
but for the machines which produce our power. Fifty times 
as much ‘food’ is consumed in this country for this purpose 
(measured in heat units) as iseaten. Our whole civilisation 
rests on the plentiful use of power; without it we could not 
run our factories and our transport system, nor could we 


tinuously. If the millions of India and China are ever to 
live without poverty, these countries will have to be 
industrialised and will then consume enormous amounts 
of energy. 

At present, by far the greatest part of our power is 
derived from fuels, that is, from chemical energy. Now we 
know that our planet is more or less ‘burnt out’. Nearly all 
the chemical reactions which were possible happened 
during its formation and early existence: we are, in fact, 
living on a huge piece of slag. The stores of chemical 
energy at our disposal are the remains of former life, 
dating from a very late period. From these tiny pieces of 
‘dust’ distributed over the surface of our sphere we now 
try to draw our energy. 

This feeling that we are drawing on strictly limited 
supplies, and our experience of actual shortage of power, 
may be the explanation for the almost hysterical reception 
which in 1945 greeted the news of the possibility of tapping 
nuclear energy. People were led to believe that atomic 
energy (as it is misnamed) would very soon be the deter- 
mining factor in the well-being of nations, and at the present 
time the real or simulated desire for atomic energy plays an 
important part in world politics. 

Before analysing the power position in the world, I must 
draw attention to one great difference between the power 
problem and the food problem. In the case of food we have 
merely to consider the production and distribution and we 
need not worry much about the utilisation. We simply eat 
the food, and the body more or less looks after the rest. 
In the case of power, however, the efficiency of utilisation 
is all-important and generally not given enough emphasis. 
It is a very wide field and I do not feel competent to deal 
with all aspects in detail: I shall content myself with discus- 
Sing the main features and the orders of magnitude 
involved. 

How much power do we use? The figure for this country 
of 200 million tons of coal per annum is now familiar to 
everyone, but few people realise what it actually means. 
The mechanical energy represented by this amount corres- 
ponds to 15 h.p. available to every man, woman or child 
for 8 hours a day. This figure is roughly representative for 
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most of the so-called civilised nations. Before we discuss 
the efficiency with which we utilise this enormous amount of 
work, I have to make a few reservations. 

Efficiency is not everything; it is, in fact, often impossible 
to define. For instance, how should we measure the effi- 
ciency of heating a house? Actually we all produce heat 
continuously at the rate of about 100 watts per person. 
If we insulated our houses completely we would not need 
any fuel, but would have to devise means of getting rid of 
the heat. Thus, if efficiency were everything, we should 
all spend as much time as possible in large Thermos flasks. 
We could even, with the heat produced, run a little power 
Station in order to provide the lighting for our flask. 

Again, consider ,transport. Transport has, strictly 
speaking, always an efficiency of zero, as we generally arrive 
in the end at the place from which we started. Of course 
what we are actually interested in is the efficiency of power 
consumption in a locomotive or a motor car, and so we will 
not question the use to which the power is put, but simply 
consider the efficiency with which the power consumed is 
utilised. 

We have now to agree on a definition of ‘ideal’ perform- 
ance. I shall choose for this the minimum possible effort 
necessary to achieve the desired aim, as defined by the laws 
of thermodynamics. This ‘ideal’ performance can only be 
achieved in processes where all friction, mechanical or 
electrical, can be avoided, as well as the equalisation of 
temperature differences by conduction, convection, or 
radiation. Such ideal processes are also called ‘reversible’ 
because obviously they could be completely reversed with- 
Out leaving any permanent effects on anything else. Non- 
ideal processes such as friction are called ‘irreversible’, 
because nothing that we can do can ever undo completely 
their effects. All real processes are partly irreversible, but 
some only to a small extent—such as most mechanical 
and electrical processes—while those involving chemical 
reactions or the production and absorption of heat are 
often mainly irreversible and therefore inefficient. The 
question of the degree to which a process is irreversible 
will play an important part in the present discussion. 

In discussing the efficiency of our prime movers, | have 
first to dispel the widespread illusion that fuels are stores 
of heat. If they were, they would be hot. The system ‘fuel 
plus oxygen of the air’ is a store of free chemical energy 
and can in principle be fully converted into electrical or 
mechanical energy. The amount of free chemical energy is, 
for the reactions with which we are concerned, very nearly 
equal to the total energy of the reaction as determined ina 
calorimeter. 

Such a conversion of chemical free energy into electrical 
energy without the intermediary of heat is achieved, for 
instance, in galvanic cells. So far the reversible oxidation 
of a fuel in a ‘fuel cell’ has only been achieved by living 
substance, and, in fact, with a very good efficiency—living 
muscle works with up to 50°, efficiency. Up to the present 
we have not been abte to repeat this feat in our machinery, 
and what we do is first to let the free chemical energy 
deteriorate into this lower form of energy, heat, which 
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consists of the disordered motion of the smallest particles 
of matter. We then try to recover as much free energy 
from the heat as possible, and the amount recoverable is 
determined for us by the second law of thermodynamics. 
This law tells us that if we want to extract free energy from 
heat we must have a temperature difference at our disposal. 
(Fig. 1.) We feed the heat in the high temperature level (7;,) 
deliver a part of it at the low temperature level (7,)—in prac- 
tice the temperature of our surroundings—and extract the 
difference as free energy. The efficiency, that is, the ratio 
of the amount of free energy (or work) to the heat input, 
is given by the ratio of the temperature difference to the 
absolute temperature of the higher temperature level— 
assuming ideal efficiency, that is, no frictional losses. This is 
why our metallurgists are busy developing alloys to with- 
stand higher and higher temperatures in order to enable 
designers to increase the efficiency of prime movers. At 
the present time the average efficiency of the prime movers 
in Our power stations is about 20%; the most modern 
plant has an efficiency of about 30%, and the stationary gas 
turbine will soon give us 35°, or even somewhat higher. 
These figures are not too bad, as we shall presently see. 

One of the biggest items in our energy consumption is 
domestic and industrial Heating. We use about 50 million 
tons of coal per year for domestic heating alone. The 
efficiency of a heating appliance is generally defined as that 
with which the total heat developed is transferred to 
the room to be heated. (Thus an electric fire is 100° 
efficient on this definition.) This definition is thus based 
on the ordinary irreversible method of heating, and our 
definition of efficiency gives a different answer. Heat, as I 
have already mentioned, is an inferior form of energy since 
it consists of disordered motion, while free energy, such as 
mechanical or electrical energy, is of an ‘ordered’ nature. 
Now when I am cold I am not interested in free energy. 
It does not help me to be hit with a hammer or to get an 
electric shock: what I want is just this inferior energy, heat. 
If we have to pay a premium for converting heat into free 
energy it should be possible to get a better rate of exchange 
in the converse process, that is in converting free energy 
into heat. (Fig. 2). This rate should be better the smaller 
the temperature differences we are concerned with. The 
formula now runs: 

heat output T 
work consumed AT’ 

again assuming ideal efficiency. 

If the temperature differences are small, say 20°C., as 
in the case of domestic heating, we should be able to 
deliver 300 20 or 15 times as much heat at the higher- 
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temperature level as is put into the system as free energy. 
The remaining 14 parts are of course not created but are 
taken up at the lower temperature level in the form of heat. 

A machine which does this is called a ‘heat pump’ and 
this contraption has been much in the news lately. It so 
to speak pumps heat from a lower temperature level to a 
higher one, and in order to up-grade the heat a certain 
amount of free energy has to be put into the system. One 
can realise such machines in many different ways; the most 
common type uses the evaporation and condensation of a 
liquid, thus it is the exact reverse of the steam engine. The 
heat flows in the other direction and, instead of getting 
energy out of the system from a turbine, we have to put 
free energy into a compressor (Fig. 3). 

This system can be used in two different ways: one of 
these is the familiar refrigerator. Here the lower tempera- 
ture is maintained in an isolated box and the heat extracted 
is delivered at room temperature. If we shift the levels in 
such a way that the lower temperature now corresponds 
to the temperature of the surroundings, we have a heat 
pump. This realisation of the reversible production of heat 
was first suggested by Lord Kelvin about a hundred years 
ago, but for various reasons has only quite recently come 
into its own.* 

Fig. 4 shows two systems, both of which produce heated 
air at the same rate and of the same temperature. Both are 
connected to the mains supply, but one, which we call 
‘Kelvin’, works on the heat-pump principle, while the other 
converts electrical energy irreversibly into heat and we will 
call it ‘Joule’. The figure shows the internal arrangement. 
In both parts air is drawn in by a fan but Joule contains 
only an electric heater, 


HEAT PUMP : 
while Kelvin contains 
— cemmmaniemma: an electrically driven 
*I am indebted to the 
Pressed Steel Company of 


Great Britain Ltd., of Oxford, 
and particularly to their Mr. 
Brandon, who converted a 
standard refrigerator unit into 
a model heat pump. I would 
also like to express my sincere 
thanks to Mr. Croft of the 
Clarendon Laboratory, who 
has put the finishing touches 
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compressor and a condenser for the working medium. 
The evaporator, which is at the temperature of the sur- 
roundings (in this case that of the running water) is in the 
attached box. In both parts the air is at the same tempera- 
ture, roughly 35°C. and the amounts of air drawn in 
are equal as you can see on the differential flow-meter 
(Fig. 5). 

The apparatus has now been run for some time and is 
in equilibrium. You will see that, although both Kelvin 
and Joule have the same output, the watt-meter of Kelvin 
shows a consumption of only 240 watts, while Joule con- 
sumes 600 watts. The remaining 360 watts are taken from 
the water supply which is consequently cooled by a few 


degrees. The flow of water is 40 c.c. /sec. and the tempera- 


ture difference 2-1°. This corresponds to 84 cal/sec. or 
350 watts. Thus the law of conservation of energy is not 
violated ! 

From the temperature differences we would estimate the 
gain factor of Kelvin as about 15. Such a small machine is, 
however, bound to have relatively high losses and that is 
why we only gain a factor of about 600/240 = 2:5. 
Large plants under our climatic conditions would give us 
a gain factor of about 5 or 6. 

Thus an electric fire would in our definition not be 100°% 
efficient, but only 7%; 100° is now reserved for the ideal 
heat pump. The heat pump can effect a big saving—if one 
has to use electricity for heating, as for instance in Switzerland 
which draws an important amount of its power from water; 
a number of its public buildings are already heated by heat 
pumps. In our country, however, we have to produce our 
electrical energy from fuel and in doing so waste about four- 
fifths of the power available. Thus the advantage in using 
an electrically driven heat pump over a good central heating 
system would only be small for us and not worth the much 
more complicated machinery. However, there are processes 
in industry where still smaller temperature differences are 
involved, as for instance in the evaporation of solutions, 
and here, even under our conditions, the application of the 
heat-pump principle would pay. 

But we are at present interested in the question of how 
much we could save in principle and we have now the neces- 
sary data available, having learned how to generate heat in 
a reversible way. We assume that we could completely 
convert the free chemical energy of the fuel into mechanical 
energy, which we would then employ to drive a heat 
pump. Thus a single unit of chemical energy could deliver 
15 units of thermal energy at house-temperature level. 
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We can now draw up a table showing the relative effici- 
encies of various methods of heating. 


EFFICIENCY OF HEATING APPLIANCES 








Conventional eaten 

pee dynamic 

Definition Definition 
Open Fire ». Whe yA 
Closed Stove 40-50% 7% 
Central Heating . 70-80% pA 





The most common form of heating in this country is 


‘ the open fire-place. It is credited by some authors with an 


efficiency of 25°%, which seems to me to be highly exag- 
gerated. It may be that such figures can be obtained with 
open fires at full blast, but when ‘economising’ as we are 
forced to do now, I doubt whether the efficiency is as high 
as 10%. I give it 15°% in my table on the basis of the old 
standard efficiency—i.e. in our measure 1%. A closed 
stove has about 40-50% efficiency in the old sense and 
consequently 3°% in ours, and you find the figures for the 
average central heating installation in the last line. Sum- 
ming up, I would say that on the average we utilise not 
quite 2°%% of the fuel which we burn in heating our houses. 

So far we have considered only the fuel efficiency in 
heating appliances. In addition, we waste a lot of heat 
through the imperfect insulation of our houses. I do not 
want to advocate the Thermos flask idea, but it is a very far 
cry from a Thermos flask to the average English house. 
It turns out, in fact, that we could save something like 
30 million tons of coal per year in domestic heating. This 
would only require easily practicable improvements in 
our heating appliances (not even the use of heat pumps) 
and somewhat improved insulation—the exclusion of the 
worst draughts. 

Let us consider some of the other ways in which we use, 
or misuse, our fuel: Light production in modern electric 
bulbs is about 6% efficient for a 40-watt lamp. Roughly 
twice as high efficiency can be achieved with fluorescent 
lighting. 

It is well known that the locomotive is one of the greatest 
offenders in wasting fuel, having an average efficiency of 
only about 5°%. Motor cars are much better (up to 20%), 
but they, of course, use a more valuable fuel. 

A very large proportion of all the work in factories 
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consists of changing the form of materials, in particular of 
metals. The efficiency of these processes causing changes 
of form is appallingly small. One can calculate from the 
forces between the atoms how much work is really neces- 
Sary, Say, to sever a piece of steel into two parts. In the 
actual act of sawing a rod of steel into two pieces we use 
100 million times as much energy as the thermodynamic 
minimum. 

The same kind of waste also takes place in other methods 
of changing the form of a substance. One very common 
way of doing it is to melt a substance in order to bring it 
to a new shape. What do we really do in this case? We 
loosen the bonds between all the atoms, while it would in 
principle have been necessary only to sever the bonds of 
the atoms which are to lie at any extra surfaces. The 
amount of work we do in comparison with what ts really 
necessary iS enormous owing to the smallness of the 
atoms compared with the dimensions of our materials; it 
depends, of course, for a given material, on the ratio of 
surface to volume. If the piece has linear dimensions of 
say 10 cm, the factor turns out again to be about 10°. 

Now in order to avoid misunderstanding I do not suggest 
that one could really carry out these operations with 1 /100 
millionth of the work now required; if such a factor is 
possible in principle, however, it is perhaps not asking too 
much to improve by a factor of 2 or even 10 in practice. 

After these figures you will be somewhat relieved to see 
rather better ones for the processes of chemical industry, 
at least of heavy industry, such as the production of 


fertilisers. Here the average efficiency is of the order of 
10°.. Metallurgical processes are somewhat less efficient. 

A good example of what can be achieved if one takes 
enough trouble is the separation of oxygen from the air. 
This is done on a large scale by liquefying and rectifying 
the air. This process has been brought to such perfection 
that it only consumes about six times the ideai theoretical 
value, and this value is very small indeed. This would 
actually be the work necessary to separate the oxygen by 
the use of the so-called semi-permeable membrane, a sort of 
molecular sieve. The sieving work itself is zero. The only 
work theoretically needed is that required to recompress 
the gases, after separation, to their original pressure. 

These examples are sufficient to indicate the broad lines 
of the argument. If we average over all activities consum- 
ing energy we arrive at an efficiency of about 3-4%. That 
means that of the 200 million tons of coal we use per year, 
over 190 million are wasted, but of course not all of this 
waste can be avoided. 

How has this situation arisen and why are there such 
big differences in the efficiencies for various processes? 
I believe a very important part of the answer is that the 
cost of power affects the cost of different products in 
different ways. When power requirements account for a 
large part of the cost one naturally tries harder to use the 
power efficiently. Until recently fuel was plentiful and cheap, 
and the inducement to save was not strong except in a 
few cases such as power generation or chemical industry. 

On the whole one can say that the cost of fuel and power 
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jsnot very important in national economy. In this country, 
for instance, it is less than 5° of the national income. A 
better illustration, perhaps, is that we spend less on this 
item than on either tobacco or drink. 

We must have power but, within limits, the price does 


‘not affect our economy very much. If the cost of power all 


over the world doubled, or even trebled, I do not think 
that our standard of living would be affected to any great 
extent. Large differences between the costs of power in 
various countries are another matter, although we should 
not exaggerate their importance. Norway, for instance, 
has abundant cheap power, while Switzerland is short of 
it. This has not knocked out Switzerland or made Norway 
prosperous. Many other features determine prosperity, 
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and the result in this case has only been that Norwegian 
industry concentrates on processes needing a great deal of 
power and Switzerland on high-quality products. 

What is the significance of the present shortage? Is 
there serious trouble ahead? Will we be unable to get our 
necessary power even at a price? These questions can be 
disposed of in one sentence: The world power consumption 
at present corresponds to about 2000 million tons of coal 
per year—an amount of energy which the earth intercepts 
from the sun’s radiation in six minutes. We are actually 
showered with power and have so far relied mainly on 
fuels because of their high concentration of energy and the 
relative ease with which they can be tapped. 

(To be concluded.) 


This article is based on a Friday evening discourse, at the Royal Institution, given on November 19, 1948. 





The Rise of Science 


By Bertrand Russell 


_ THE rise of men of science to great eminence in the state 


isa modern phenomenon. Scientists, like other innovators, 
had to fight for recognition; some were banished; some 
were burnt; some were kept in dungeons; others merely had 
their books burnt. But gradually it came to be realised that 
they could put power into the hands of the state. The 
French revolutionaries, after mistakenly guillotining 
Lavoisier, employed his surviving colleagues in the manu- 
facture of explosives. In modern war the scientists are 
recognised by all civilised governments as the most useful 
citizens, provided they can be tamed and induced to place 
their services at the disposal of a single government rather 
than of mankind. 

Both for good and evil almost everything that dis- 
tinguishes our age from its predecessors is due to science. 
In daily life we have electric light, and the radio, and the 
cinema. In industry we employ machinery and power 
which we owe to science. Because of the increased pro- 
ductivity of labour we are able to devote’ a far greater 
proportion of our energies to wars and preparations for 
wars than was formerly possible, and we are able to keep 
the young in school very much longer than we formerly 
could. Owing to science we are able to disseminate 
information and misinformation through the press and the 
radio to practically everybody. Owing to science we can 
make it enormously more difficult than it used to be for 
people to escape from a government which dislikes them. 
The whole of our daily life and our social organisation is 
what it is because of science. The whole of this vast devel- 
opment of science is supported nowadays by the state, but 
science grew up originally in opposition to the state, and 


_ Where, as in Russia, the state has reverted to an earlier 


pattern, the old opposition would again appear if the 


State were not omnipotent to a degree undreamt of by the 
_ tyrants of former ages. 


The position of science in the past was by no means 
surprising. Men of science affirmed things that were con- 
trary to what everybody had pelieved; they upset precon- 
ceived ideas and were thought to be destitute of reverence. 
Anaxagoras taught that the sun was a red-hot stone and 


that the moon was made of earth. For this impiety he was 
banished from Athens, for was it not well known that the 
sun was a god and the moon a goddess? It was only the 
power over natural forces conferred by science that led bit 
by bit to a toleration of scientists, and even this was a very 
slow process, because their powers were at first attributed 
to magic. 

It would not be surprising if, in the present day, a 
powerful anti-scientific movement were to arise as a result 
of the dangers to human life presented by the atom bomb 
and liable to be intensified by bacteriological warfare. 
But whatever people may feel about these horrors, they 
dare not turn against the men of science so long as war is at 
all probable, because if one side were equipped with 
scientists and the other not, the scientific side would almost 
certainly win. Science, in so far as it consists of knowledge, 
must be regarded as having value, but in so far as it con- 
sists of technique the question whether it is to be praised or 
blamed depends upon the use that is made of the technique. 
In itself it is neutral, neither good nor bad, and any ultimate 
views that we may have about what gives value to this or 
that must come from some other source than science. 

The men of science, in spite of their profound influence 
upon modern life, are in some ways less powerful than the 
politicians. Politicians in our day are far more influential 
than they were at any former period in human history. 
Their relation to the men of science is like that of a magician 
in the Arabian Nights to a genie who obeys his orders. 
The genie does astounding things which the magician, 
without his help, could not do, but he does them only 
because he is told to do them, not because of any impulses 
in himself. So it is with the atomic scientists in our day: 
some government captures them in their homes or on the 
high seas, and they are set to work, according to the luck 
of their capture, to slave for the one side or the other. 
The politician, when he is successful, is subject to no such 


coercion. 


(This excerpt is taken from the third in the series of 
Reith Lectures.) 











Far and Near 





Russia’s Underground Atomic Project 


A DISPATCH from Paris by C. L. Sulzbergen 
to the New York Times (January 15, 1949) 
gives details of a huge underground 
factory in Russia producing fissionable 
materials from uranium. The factory is 
supposed to be housed in six large 
subterranean caverns scooped out of the 
hillsides between 12 and 32 miles north of 
Erivan in the Sanga Valley (see map). 
Uranium ore from Saxony and _ the 
Joachimstal mines of Czechoslovakia is 
being treated there. Further uranium 
deposits are available, the New York 
Times mentioning those of Ossetia (north 
of Tiflis) and Svanetia, part of the N.W. 
region of the Georgian Republic. 

Hydro-electric power is readily avail- 
able for this atomic-energy installation. 
It is claimed further that the entire Sanga 
Valley between the Alagez and Kanakiri 
Mountains has been declared a pro- 
hibited area, which the secret police keep 
under constant guard. 

Atomic energy work, concludes the 
report, was put under Marshal Beria in 
1946, who as head of the secret police 
has great experience in safeguarding state 
security. 

Another article about Russia’s ““Oak 
Ridge’ appeared in the December 1948 
issue Of Science Digest. 


Killed by Cyclotron 

GEOFFREY FERTEL, a 32-year-old scientist, 
was electrocuted last month when he 
touched a high-voltage cable carrying 
current to the cyclotron in Professor M. L. 
Oliphant’s laboratories at Birmingham 
University. He was killed while making 
adjustments to the instrument, the most 
powerful of its type in Britain. 


Ex-W.D. Batteries: A Warning 


THE Chloride Electrical Storage Co. Ltd. 
state that they find that unused Exide 
batteries ex-W.D. stock are being offered 
for sale as new at much reduced prices. 
They point out that these batteries must 
have left their works at least three years 
ago, and possibly as far back as 1940. The 
condition of any battery of this type must 
have deteriorated over such a period of 
time. The company state that they cannot 
be answerable for the performance or life 
of batteries offered for sale in this way. 


Bernard Shaw on Lysenko 
THE Communist Labour Monthly has 
found an unexpected ally in its campaign 
to spread the fame of Lysenko. In its 
January 1949 issue it publishes an article 
by Bernard Shaw, in which he appears to 
assume that the ‘inheritance of acquired 
characters’ (in the Lamarckian sense) is 
a scientific fact established beyond dispute. 
He also suggests that Lysenko was antici- 
pated eighty years ago by Samuel Butler, 
Darwin’s greatest opponent and the author 
of Erewhon. Inthisarticle, Shawcomments: 
‘Butler was followed in 1906 by myself. 
After a careful observation of my own 
acquired habits I pointed out, in the 
course of a lecture on Darwin to the 
Fabian Society, that evolution means that 
all habits are inherited. I cited the fact 
that as breathing is an inborn habit, and 
speaking, like skating and bicycling, one 
which every generation has to acquire, it 
proves that habits are acquired by imper- 
ceptible increments at each generation, the 
inborn habits being those already fully 
acquired, and the rest only in process of 
acquirement. I was followed by Bergson, 
who supplemented Butler's views and 
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mine with a philosophy of our Creative 
Evolution. 

‘‘After Bergson, Weismannism lost its 
stranglehold on the scientific world. 
Scott Haldane (father of J.B.S.), Needham, 
and in Russia Michurin and Lysenko, 
broke away from Fatalism, not polemic- 
ally, but by simply ignoring it. 

‘“‘And now comes the joke. Fatalism 
is now dropped or certified as Material- 
ism gone mad. Creative Evolution is 
basically Vitalist, and, as such, mystical, 
intuitive, irrational, poetic, passionate, re- 
ligious, and catholict: for neither Lamarck 
nor Butler nor I nor Bergson nor Lysenko 
nor anyone else can account rationally 
for the Life Force, the Evolutionary 
Appetite, the Elan Vital, the Divine 
Providence (alias Will of God), or the 
martyrdoms that are the seed of Com- 
munism. It has just to be accepted as a 
so far inexplicable natural fact.” 


Scientific Information Conference 


THE full proceedings of the Royal 
Society’s Scientific Information Confer- 
ence (see Discovery, Aug. 1948, p. 246) 
have now been published, and can be 
purchased for 26s. post free from the 
Royal Society, Burlington House, Picca- 
dilly, London, W.1. One resolution 
recorded in the proceedings advocates the 
wider use of photolithography, the process 
by which Discovery is printed. 


Signals Research 


IN a ‘way the Signals Research and 
Development Establishment (SRDE) near 
Christchurch, Hants, seems an anti-climax 
after the TRE at Malvern. (See Discovery, 
July 1948, pp. 205-211). This is probably 
due to the fact that the TRE was born 
in 1935 and the SRDE in 1904 as the 
Royal Engineers’ Committee’s Wireless 
Telegraphy Experimental Establishment 
to exploit the then new invention of 
‘Wireless’. In the first World War it 
transferred to Woolwich Dockyard and 
became, in 1916, the Signals Establish- 
ment on Woolwich Common. Then with, 
reduced staff, it existed until absorbed by 
the Ministry of Supply in 1939, having 
expanded considerably after 1937. 

The beginning of the recent war saw 
the Establishment at Warnham, Sussex 
and in 1943 it moved to Somerford, 
gaining its present name. 

The Establishment’s object is to provide 
the British Army with the up-to-date 
communications equipment dictated by 
the speed of modern, mobile warfare. 
Therefore it prosecutes scientific research 
on one hand, and engineering develop- 
ment on the other. The results of scien- 
tific research are carried right through to 
fully tooled production, there being large 
drawing offices and workshops in the 
establishment, besides those necessary for 
laboratory development. Other work 
includes fitting telecommunications for 
armoured and ordinary vehicles, develop- 
ment of protype installation kits, packag- 
ing development, durability testing of 
equipment (both for climatic and rough 
treatment conditions, and component 
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development), and testing and investiga- 
tions into portable power supplies. One 
of its large workshops specialises in 
plastic moulding, rubber moulding and 
ceramics. It has carried out, in conjunc- 
tion with the Royal Aircraft Establish- 
ment, Farnborough, Hants, exhaustive 
tests on the new polytetrafluorethylene 
plastic, which insulates and seals well 
through a wide temperature range from 
150°C. down to about —30 C. without 
change. 

Field trials are carried out by the 
attached military unit and the visitors 
at the Establishment’s recent open 
day, were afforded a view of a mock 
battle employing troops, a tank and an 
helicopter. The commander's radio 
vehicle had loudspeakers wired in for the 
audience’s eavesdropping. The sets used 
were the new light-weight walkie-talkie. 
Yet the mobility arising from radio 
instruction was best demonstrated when 
the press photographers wanted the heli- 
copter, the troops and the roaring tank 
posed in certain positions. An official 
talked to all of these through a walkie- 
talkie set. 

The outstanding contribution during 
the recent war was regarded as being the 
development of the system of multi- 
channel pulse communications, whereby 
one transmitter using one wavelength 
can transmit the input from several tele- 
phone lines and receive similarly from the 
receiving station. This has been devel- 
oped commercially to form a 24 channel 
transmitter-receiver. ; 

Items of particular interest included 
the completely sealed transmitter receiver 
which will work immersed in_ shallow 
water; the work on progressive simplifica- 
tion of controls so that, in some instances, 
a child of ten could operate after a few 
minutes instruction the new telephone 
line fault-indicator, working on radar 
technique with a ‘blip’ in the pulse wave- 
train so that the position of the fault is 
more accurately indicated than formerly. 

One of the troubles of the rattle and 
vibration of tanks and vehicles is damage 
to crystals, and work is also being done on 
stabilised oscillators to avoid crystal 
control altogether. In addition work 
is being done to develop teleprinters, 
portable and exchange switchboards, and 
voice-frequency trunk signalling, and to 
explore the possibility of using automatic 
exchanges for field use. 

The Test Section is especially active in 
its investigation of the efficient sealing 
of components and of the diffusion of 
moisture through materials such as rubber. 
chemical and bacterial corrosion. 

Nuclear resonance effect on radio 
frequencies is being investigated. Certain 
elements, including hydrogen, show reson- 
ance effects in the radio-frequency band 
when suitably excited in a steady magnetic 
field, and frequency varies with strength 
of the field. This offers possibilities as a 
means of controlling frequency, where it 
must be continuously variable. Television 
is being studied for military use. Radio 
telemetering equipment has been designed 
for recording the behaviour of guided 
missiles in flight. It reports up to 23 
different types of readings in one fortieth 
of a second. 
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An outstanding aerial photograph from the Royal Photographic Society's 
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exhibition. For geologists it has particular interest, showing an anticline in 
Tran. (Photo by Hunting Aerosurveyvs Ltd.) 


A remarkable, yet very simple discovery, 
which has been staring scientists in the 
face for a few centuries, is that of the 
‘Sine Spring’, made by Mr. E. R. Wigan 
of the Research Division. This is nothing 
more than a piece of spring steel clamped 
at eachend by a rotatable clamp. The ends 
are clamped parallel but not in line, so 
that the spring strip forms a sine curve, 
whose properties depend on the angle of 
twist between the ends. The S curve can 
be adjusted by the clamps to behave like 
any normal spring, to have ‘negative 
stiffness’ when its symmetrical form is 
unstable or be ‘neutral’, when it can move 
freely, with friction. 

Unfortunately the prevailing  inter- 
national conditions made it necessary for 
other interesting developments under 
way to remain secret for security reasons, 
thus giving one the impression of a certain 
Slowness in development; but this is 
probably untrue if the personal enthusiasm 
and keenness of the staff is taken into 
consideration. When conditions permit 
there will be much novel work to come 
from the SRDE. 


Scientific Photography 

THE second part of the 92nd Annual 
Exhibition of the Royal Photographic 
Society, which was held in London 
recently, included the Natural History, 
Scientific, Record and Technical entries. 
Although the number of exhibits was 
not as large as might have been 
expected, there were many which were of 


considerable appeal and interest. They 
ranged from photographs which hada very 
high artistic appeal, even to those who had 
no knowledge of the technicalities involved, 
to others which were of great interest to 
scientists and technicians because of the 
material illustrated. The natural history 
section, as always, included most beautiful 
and extraordinary records of all forms of 
wild life. One photograph in particular 
which stays in the memory is that of an 
Owl in flight at night, taken by means of a 
high speed flash, which showed all the 
details of the bird with crystal clarity. 
Another illustration witha different appeal 
was D. P. Wilson’s study of a lugubrious 
codfish taken under water. In the scienti- 
fic section of the exhibition, many of the 
pictures showed patterns of very consider- 
able beauty in themselves, particularly 
those of crystals taken by Grevelle and 
photomicrographs of wood sections by 
Brinsden. The latter, of course, also 
formed records of considerable value to 
those interested in the structure of various 
types of wood. 

The Electrical Research Association had 
excelled themselves by the making of a 
photograph which showed the trace made 
by a single passage of a spot of light 
across a photographic plate at a speed of 
12,000 kilometres per second. 

New photographic techniques were 
naturally to the fore, and a number of 
nuclear particle tracks were shown, includ- 
ing examples of the recording of electrons 
from nuclear fissions. Results obtained 








THE FrRencu Atomic PILe, which started operating on December 15, 1948. (Le/?). 
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M. Vincent Auriol, and Dr. L. Kowarski, expert on heavy-water piles and who has also worked on the 


Canadian atomic energy 


(Le fr) 


with the phase contrast microscope fig- 
ured in several exhibits, the National 
Physical Laboratory entering a number of 
studies on metal specimens. This is one of 
the first cases in which phase-contrast 
work in metallurgy has been exhibited 
and the illustrations were of particular 
interest because they compared the results 
obtained on various specimens by means 
normal microscope, the phase- 
microscope and the electron 
microscope. On the medical side. the 
National for Medical Research 
showed excellent records of cells 
in living mosguito larvae, obtained by 
phase contrast technique. They com- 
pared these with the results obtained with 
the ordinary microscope, and with ultra- 
violet illumination, the different varieties 
of detail shown up in these different 
results being very striking. 

Another piece of biological work which 
was of exceptional interest was Pittock’s 
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project, near Montreal. 


General view of Zoe. (Right). 


Perrin at the pile’s control panel. 


study of the structure of a goat’s udder. 
He dealt with this in a series of pictures, 
Starting from the visual appearance of the 
udder as a whole and taking smaller and 
smaller sections at higher and _ higher 
magnifications until eventually details of 
the smallest cells present were revealed, at 
a magnification of about 1500 diameters. 

The micro-radiographs which gained 
the Rodman Medal for Sherwood were of 
excellent quality and illustrated how thin 
sections of metal could be studied in 
depth at fairly high magnifications, 
whereas only the polished surface has 
been recorded in photomicrographs until 
recent years. Other micro-radiographs 
showed the structure of bonded plywood 
and glued joints. 

An entry from the Brown Firth 
Research Laboratories was particularly 
entertaining in that it compared the typical 
structure of a rock solidified from a melt 
with that of metal. In both cases, the 


(Right) Madame Irene Joliot-Curie and Professor 





Head of the French Atomic project is Professor F. Joliot, here seen 
showing controlling instruments to reporters. 


crystallisation resulted in a similar pattern, 
though on a considerably different scale. 
Finally, J. F. Kayser, of Gillette Industries 
Ltd., showed one of the few applications of 
colour photography in metallurgy which 
have so far been published. He illustrated 
the differences in colour of a polished 
metal specimen in different positions when 
illuminated by polarised light. 

This exhibition was undoubtedly well 
worth a visit by anyone interested in the 
illustration of any scientific or technical 
work and in particular by those interested 
in photography as a tool in scientific 
research. Although the number of 
exhibits was unfortunately small, the 
quality was on the whole quite high. 


First French Atomic Pile 

THE first French atomic pile came into 

operation recently. This pile, known as 

Zoe, is a heavy-water pile of low energy 
-it is technically Known as a zero-energy 
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pile, which means that it produces just 
enough neutrons to maintain a chain 
reaction. It is housed in the Fort de 
Chatillon, near Paris. 

Top scientist in the French Atomic 
Energy Commission is Professor Joliot, 
and he has been closely questioned as to 


‘ whether information obtained from the 


working of Zoé will be passed to the 
Russians. His answer was that such an 
action—the communication of a national 
defence secret to a foreign power—would 
be treachery. He emphasised that the 
researches of the French A.E. Commission 
had an exclusively pacific aim; if however a 
discovery was made that could be used 
for military purposes, which is the case 
of all fission processes, it would remain 
secret and the exclusive property of the 
French government. 

The director of the Haut Commissariat 
Aux Recherches Atomiques, M. Dautry, 
has come out in defence of Joliot, an 
avowed Communist, holding his appoint- 
ment, saying, “Nobody has the right to 
be doubtful of our atomic scientists, who 
come from all political parties.”” Antagon- 
istic to Joliot’s continuance in this import- 
ant post are the French military chiefs 
and politicians like Monsieur Reynaud. 

It has now been reported in the French 
press that Professor Joliot has been 
expelled from the French Communist 
Party because of his open refusal to disclose 
atomic secrets to Russia. 


Achievements of Tsarist Science 

At the recent meeting of the Russian 
Academy of Sciences devoted to the history 
of Russian Science, Pror. DANILEVSKY, 
a Stalin Prize-winner, made a report on 
the work of scientists and inventors of 
pre-revolutionary Russia. As far back 
as in the eighteenth century, he said, 
Russian metallurgists achieved remarkable 
successes. They constructed very efficient 
furnaces which produced such large 
quantities of metal that Russia became 
the chief supplier of international markets. 
Russians had the right to take pride in 
their priority in the creation of marine 
engines, electric ships and diesel ships. 
Russia was the native land of electric light, 
telegraphy, electric welding and radio. 
The aeroplane was invented by Moz- 
naisky in 1881, the stratosphere balloon 
by Mendeléef in 1875, the pack-parachute 
by Kotelnikov in 1911. The Soviet Union 
had priority in the creation of contempor- 
ary jet-propulsion technology based on the 
works by Tsailkovsky. 


University for West Indies 


A ROYAL CHARTER has been granted to 
the University College of the West Indies 
in Jamaica. Principal of this new univer- 
sity is Dr. THOMAS TAYLOR, well-known 
Oxford organic chemist who was scientific 
adviser to Lord Mountbatten in the South- 
East Asia Command. Capital cost of the 
whole college (which has a 670-acre site) 
will account for about £2,250,000. London 
University is helping with advice and the 
Provision of teachers. 

Mr BERNARD WILLIAMS, who directs 
Faculty, and the senior 
lecturer in physics, Mr. F. Bowen, are 


both Jamaicans. The registrar, Mr. H. 
W. SPRINGER, is a Barbadian who studied 
at Oxford. 

An institute of socjal and economic 
research is being established within the 
university. 


Monograph on Hawkweeds 

BRITISH botanists usually dismiss any 
specimen of Hieracium as just another 
hawkweed which it is too much trouble to 
identify. It is time to say that our know- 
ledge of this genus has ‘remained almost 
Stationary since 1856, when Backhouse’s 
monograph appeared. From now on- 
wards it will not be too difficult to run 
down a species, for the Linnean Society 
has published an excellent monograph, 
entitled A Prodromus of the British 
Hicracia, by H. W. Pugsley. This is 
obtainable from the Linnean Society, 
Burlington House, Piccadilly, London, 
W.1., price 60s. 

The monograph contains 356 pages, and 
there are drawings of 35 different species. 
It is a matter for sadness that the author 
never lived to see the book finished; he 
died in November 1947 at the age of 79 
and the last galley proofs and some 140 
page proofs had to be passed after his 
death. But the work is so_ beautifully 
printed and produced that it will stand as a 
fitting memorial to the twenty years 
Mr. Pugsley spent studying hawkweeds. 


A-Bomb Monopoly may end in 1952 

THE first annual report of the USS. 
Secretary of Air issued since the Air 
Force became a separate arm emphasises 
that America cannot count on a monopoly 
of atomic weapons after 1952. 

It is significant that Lieut-Col. G. A. 
TOKAEV, Soviet technical expert who 
recently escaped to Britain, states that the 
Kremlin is making military plans based on 
the expectation of possessing atom bombs 
by 1951-53. He says that everything 
connected with the atom bomb commands 
super-top priority in Russia, great num- 
bers of workmen, physicists and technolo- 
gists being concentrated on this single 
objective. 

Mr. JAMES ForRRESTAL, U.S. Secretary 
for Defence, stressed (in his first report as 
head of the unified U.S. armed forces) 
American readiness to deprive itself of the 
use of the atomic bomb and to surrender 


proprietary rights, including the right of 


visitation and inspection of atomic energy 
plants, to an international commission. 
“With or without the atomic bomb,” 
added Mr. Forrestal, “there can be no 
absolute security for the United States or 
for any other nation in the world until all 
nations agree to the regulation of armed 
forces and the substitution thereafter of 
peaceful methods in the settlement of 
international disputes.” 


How to Prevent Dry Rot 

THE war has brought about conditions 
favouring the spread of fungi causing dry 
rot, and the Building Research Station 
(Garston, nr. Watford, Herts) has pub- 
lished a useful pamphlet on the design of 
floors to prevent dry rot. The most 
serious ‘dry rot’ fungus is Merulius 
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lacrvmans, which can cause collapse of 
both floors and roofs. Such damage can 
be avoided by using timber with natural 
high resistance, such as Canadian Western 
red cedar, Californian redwood or yellow 
cedar. 

Elementary and inexpensive precautions 
in the construction when using non- 
resistant timber can be taken. The aim is 
to keep the moisture content of timber 
below 20°.: in a dry building which is 
properly heated and ventilated, seasoned 
wood contains 12-14°,.. Moisture has to 
be prevented from rising from the soil 
into the building, so a damp-proof layer 
is indispensable; this needs to be imper- 
vious to both liquid water and water 
vapour. The pamphlet gives details (both 
verbally and in plans) of the best methods 
of building such a barrier to water. It also 
gives points about wood preservatives 
(which are described comprehensively in 
the Wood Preservation Series of the Forest 
Products Research Records, published by 
Stationery Office, price 6d.). 

This pamphlet is the first “Station 
Digest” produced by the Building Research 
Station, and we welcome this new series of 
publications as an ally in the fight to 
break down the barriers which separate 
scientists and practical men. 


New Editor for ‘‘Electronic Engineering’’ 
**Science’’ 

Mr. G. Parr, M.I.E.E., has resigned the 
editorship of Electronic Engineering to 
join the board of Chapman and Hall, the 
well-known publishers of scientific books, 
as technical director. He has been suc- 
ceeded by H. G. Foster, M.Sc., M.1.E.E., 
who has been engaged for the past ten 
years in teaching telecommunications 
engineering at Cape Town and Birming- 
ham University. 

GEORGE A. BAITSELL, Colgate professor 
of biology at Yale, has been appointed 
editor-in-chief of Science and The Scien- 
tific Monthly, publications of the American 
Association for the Advancement of 
Science. He will fill vacancies created by 
the death in 1947 of W. L. Valentine, 
former editor of Science, and the resigna- 
tion this year of F. L. Campbell from The 
Scientific Monthly. 


Research on Reflecting Microscopes 


ROBERT BARER, M.C., B.Sc., M.B., B.S., 
M.A., of the Department of Human 
Anatomy, Oxford, has been appointed 
Alan Johnston, Lawrence and Moseley 
Research Fellow of the Royal Society. 
He will continue his work at Oxford on the 
biological and medical applications of new 
methods of microscopy, with special 
reference of the Burch reflecting micros- 
cope (see Discovery, “Reflecting Micros- 
copes’, by A. W. Haslett, July 1948, 
pp. 225-6). 


New Appointments 

Dr. W. D. Evans, who has been a regular 
contributor to DiscoveRyY in recent years, 
has been appointed Professor of Geology 
at Nottingham University. 

Another of our contributors, Mkr. 
D. A. Bett, has left British Telecom- 
munications Research Ltd., to become a 
lecturer at Birmingham University. 








Lysenko on Grafting and Genetics 





Soviet Biology. By T. D. Lysenko, a 
report to the Lenin Academy of Agri- 
cultural Sciences. Moscow 1948. 
Translated for the Science Section of 
the Society for Cultural Relations with 
the U.S.S.R. 51 pp., Birch Books, 
London, 2s. 6d. 


THis address by Academician T. D. 
Lysenko to the Lenin Academy of Agri- 
cultural Sciences reports results so remark- 
able that they raise questions beyond the 
scope of an ordinary review. Most writers 
on biology, especially when dealing with 
their own work, freely and clearly give all 
relevant details of their experiments so 
that the reader can decide whether or not 
the results and conclusions the author 
arrives at are justified. It is regrettable 
that so often in this book and in earlier 
publications by the author and his associ- 
ates. such details are not adequately given. 
We have, however, heard so much about 
the work of Lysenko and Michurin that 
all biologists—and especially those en- 
gaged in growing, grafting and breeding 
plants—will, I feel, be impelled to read 
this latest account of biology in the Soviet 
Union. There are five points which will 
doubtless attract attention and at the 
Same time puzzle the critical reader: 


(1) breeding grafted plants; 

(2) vegetative hybridisation; 

(3) improving plants by grafting— 
Michurin’s so-called *Mentors’; 

(4) the inheritance of acquired char- 
acters; 

(5) the rapid conversion of ‘hard’ wheat 
Triticum durum into winter wheat 
T. vulgare. 


These five points, and especially the 
first three, I shall attempt to analyse in 
detail. 

(1) The first experiment involved the 
grafting of a tomato shoot with ‘pinnate 
leaves’ and yellow fruits on to a plant with 
potato-like, non-pinnate leaves and red 
fruits. Seeds were sown from the red 
fruits of the latter part and we are told 
that most of the resulting plants “did not 
differ from the initial strain’. “‘Six plants, 
however, had pinnate leaves, and some 
had yellow fruits’. Lysenko concludes 
that this result is due to both the leaves and 
the fruits having changed under the influ- 
ence of the yellow fruited, pinnate-leaved 
shoot grafted upon it. 

In this experiment and indeed in all the 
experiments referred to in the book 
Lysenko and his associates seem to have 
had no scientific method. At least we 
are left in the dark on many important 
points. It would have been of value if we 
were told if all the six pinnate-leaved 
plants had yellow fruits, and if not how 
many were yellow, and what was the 
colour of the remainder. Also, if control 
plants were grown and whether the two 
plants used to make the composite grafted 
plant were homozygous or not. 

The inheritance of leaf-shape and fruit 
colour in tomatoes has long been known. 
The pinnate cut-leaf character C is domin- 
ant to the non-pinnate potato-leaf c. Two 


major genes R and Y are concerned with 
fruit colour; RY is bright red as in the 
common tomato of commerce, Ry is dull 
red, rY deep yellow and ry pale yellow. 
Since no mention is made of control 
plants the first question which arises is, 
were the plants, and especially the red- 
fruited plant, used in the grafting homo- 
zygous or heterozygous. That is to say, 
was it of the constitution RRYY, RrYY 
or RrYy, for although the fruits of all 
three would be red and indistinguishable 
seeds from the latter two would give a 
proportion of plants with yellow fruits, 
but we should expect them to have the 
recessive potato-leaf character. If, how- 
ever, a few grains of pollen from the 
pinnate-leaved upper part of the composite 
grafted plant came in contact With the 
female organs of the potato-leaved lower 
part, then plants with pinnate leaves and 
yellow fruits would arise. Admittedly 
natural cross-pollination in tomatoes is 
rare between separate undisturbed plants, 
but it is not unknown, and where, as in 
this grafted plant, two forms are growing 
together and are probably being inter- 
fered with by the experimenter the chance 
for cross-pollination is greater than be- 
tween separate plants. 

There is another possibility which we 
may consider. As shown by Jorgensen and 
Crane (1927), plants grafted together, and 
especially solanaceous plants, frequently 
develop tissues in which the two com- 
ponents are intimately combined. The 
most common development is the so-called 
mericlinal chimera where even only a 
small area of one component may be 
over the other. If such an area is two 
layers thick, resulting seeds and offspring 
will be like the component of which these 
layers are composed. On the other hand, 
if the outer component is only one laver 
thick—then the offspring would be like 
the inner component. In this way seeds 
from a single fruit could give both 
pinnate and yellow and non-pinnate and 
red-fruited plants. With two varieties of 
tomatoes, especially if only a small area 
of a flower was involved, such a develop- 
ment could be passed unnoticed. Meri- 
clinal tissue has occurred from time to 
time in other plants such as apples, med- 
lars and roses following the common 
horticultural practice of grafting, but 
without any other interference. 

Later, Lysenko refers to a tomato plant 
which had one yellow and one red fruit. 
When we consider the numerous recorded 
and well authenticated examples of spon- 
taneous somatic variations in plants, see 
for example Darwin (1899) and Crane 
and Lawrence (1947), involving all kinds 
of characters including the colour of 
flowers and fruits, this tomato plant does 
not stand out as a very wonderful happen- 
ing. In my own work with tomatoes I 
have had a fruit partly red and partly 
yellow and it is only a small step from this 
to wholly red and wholly yellow fruits on 
one plant. 

In Lysenko’s Heredity and its Varia- 
bility translated by Dobzhansky (1946) it 
appears that the yellow tomato used in 
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own roots and those which were inferior 
on the one were also inferior on the other. 

(3) I am often asked the question, what 
are these “Mentors’ and how do they 
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as mysterious as ‘Mentors’. Incidentally, 
it is just conceivable that several grafts 
at the base of branches might have a 
similar effect to bark-ringing, but Mich- 
urin does not make any such suggestion. 

The claims of ‘Mentors’ for improving 
size, colour, sweetness, fertility, etc., are 
no more convincing than the others. 
They are, however, very remarkable, the 
inferior seedlings developing fruit with 
qualities akin to those of the highly desir- 
able mentors grafted upon them. 


There is much more in this paper of 


Michurin’s written in the same loose and, 
I fear, lightly judged way, which to some 
extent has flowed over into Lysenko’s 
Soviet Biology. Thus Michurin writes: 
‘*‘As to the famous pea laws of Mendel, 
only very ignorant people may think that 
they may prove useful to the breeder of 
new hybrid varieties of perennial fruits. 
Mendel’s law is not applicable to peren- 
nial fruit trees, nor does it apply to annual 
hybrids, or if you wish, to kitchen garden 
crops themselves.’ This is, of course, 
rather an ironical statement. I have 
always considered the garden pea a 
kitchen garden crop, and we know many 
annuals whose characters behave the 
Same as those in peas. As to only very 
ignorant people, it would indeed be a 
very ignorant person who would expect 
vegetatively-propagated perennials, such 
as fruit trees, which are _ invariably 
heterozygous, commonly self-incompat- 
ible, and hence cross-pollinated, to behave 
in inheritance precisely the same as peas 
which are self-pollinating, reproduced 
sexually annually and in consequence in 
the main homozygous. Nevertheless my 
work and that of my colleagues and others 
has shown that there are many characters 
in various perennial fruits, such as rasp- 
berries, peaches, pears, etc., which in 
inheritance behave the same as those in 
peas. 

This paper also describes experiments 
in breeding pears. One of the most suc- 
cessful varieties used as a parent appears 
to be the variety Beurre Diel. Thus we 
are told: ‘“‘This combination was a cross 
between Beurre Diel and a young seedling 
of the wild usurit pear flowering for the 
first time. Of the hybrids raised, two- 
thirds bore fruits maturing in summer or 
autumn, and one-third were hybrids 
producing fruits that ripened in winter’’; 
I read this to mean that 100° of the 
family were fertile, and if so this again 
conflicts with my experience. Beurre 
Diel is a triploid variety and hence with 
me it has not been a desirable parent; on 
the contrary, and as one would expect it 
has proved a bad parent. 

Following Lysenko’s advice I have read 
all that has come my way on the teachings 
of Michurin including Voks Bulletin 
(1945). Here acertain Professor Yakovlev, 
a Stalin Prize Winner and Manager of 
the important Michurin Nurseries, writes: 
“In his science of vegetative hybridisation 
which is now being developed and ex- 
panded by his talented follower G. 
Lysenko—Michurin dealt a decisive blow 
to the metaphysical views of the geneti- 
cists Mendel and Morgan.” There is 
nothing, however, in his article which 
supports this now familiar and somewhat 
vindictive statement. 
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Professor Yakovlev then goes on to 
what he calls intergenal hybridisation and 
writes, “‘for the first time in world practice 
such fruit-bearing hybrids have been pro- 
duced in Michurinsk as hybrids of apples 
and pear trees (by T. R. Gorshkova), 
plum and peach (by V. N. Yakovlev), 
cherry and plum, red and black currants”. 
I would point out that Professor Yakovlev 
is not correct in this statement—plum- 
peach, gooseberry-currant, pear-quince, 
peach-almond and other hybrids have 
long been known. 

The plum-peach hybrid I have referred 
to was raised by Messrs. Laxton of Bed- 
ford, and was described by them in the 
Report of the third International Confer- 
ence on Genetics (1906). It was raised 
from Prunus triflora * Amygdalis persica. 
1 grew it for over thirty years, and it was 
quite sterile. 1 have also grown the peach- 
almond for over thirty years; it crops well 
in favourable seasons and produces good 
seeds. The pear-quince was raised in this 
country in 1895; in Algeria it produces 
fruits abundantly but they are entirely 
seedless. I have made cross-pollinations 
between apple and pear, but without 
success. 

I wonder why in this article we are, as is 
usual in Soviet writings, left so much in the 
dark and not told the things we are eager 
to know. You will note Professor Yakov- 
lev says his hybrids are fruit-bearing. An 
account of the parent varieties and details 
of the flowers and fruits of his apple-pear 
hybrids would, I am sure, be of intense 
interest to horticulturists and biologists 
not only in this country but throughout 
the world. The same applies to his plum- 
peach hybrid. Soviet biologists should 
realise that if they would only take the 
trouble to give us such details we would 
then be able to appreciate their work 
much better, and many misunderstandings 
might be swept away. 

On page 28 of his Soviet Biology 
Lysenko says, “‘altered sections of the 
body of the parent organism always (sic) 
possess an altered heredity. Horticul- 
turists have long known these facts. An 
altered twig or bud of a fruit tree or the 
eye (bud) of a potato tuber cannot as a 
rule influence the heredity of the offspring 
of the given tree or tuber which are not 
directly generated from the altered sections 
of the parent organisms. If, however, the 
altered section is cut away and grows 
separately as an independent plant, the 
latter, as a rule, will possess a changed 
heredity, the one that characterised the 
altered section of the parent plant.’ This, 
like so much in the book is very far from 
the truth, for we know beyond any dis- 
putation that an alteration of the body cells 
of an organism does not a/ways result in 
an altered heredity. 

_ Now one of the most brilliant and 
informative investigations on this subject 
was carried out by Lysenko’s country- 
woman T. Asseyava, and if he refers to 
her publication Asseyava (1928), or better 
still discusses the problem with her, he 
will find that far from such alterations 
always having a changed heredity, most 
often and, as a rule, it remains the same. 

Asseyava investigated many such body 
alterations, i.e. somatic mutant altera- 
tions, in potatoes, and in all cases she says 
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“the characters of the mutant are not 
transmitted through seed, and its offspring 
are exactly similar to the progeny of the 
original variety”. The reason why there 
was no changed heredity, although the 
altered potatoes had for long been grown 
as independent plants and were so distinct 
that they had different varietal names, is 
simple and clear. The alterations did not 
penetrate as far as the germ-tract, and 
hence could not change heredity. With 
body alterations it does not matter whether 
or not they are removed from the parent 
organism; if the alterations go as deeply 
as the germ-tract they will be inherited, 
otherwise they will not. This of course 
applies to twigs and buds of fruit trees, 
etc., aS well as to potatoes. With such a 
lamentable lack of horticultural and 
biological knowledge, it is perhaps not 
surprising that Soviet Biology contains 
so many loose statements and inaccurate 
conclusions. 

(4) Lysenko brings in Michurinism in 
connexion with the inheritance of ac- 
quired characters and he states, “the well- 
known Lamarckian propositions, which 
recognise the active role of external con- 
ditions in the formation of the living body 
and the heredity of acquired characters, 
unlike the metaphysics of Neo- Darwin- 
ism (or Weismannism) are by no means 
faulty. On the contrary, they are quite 
true and scientific.”” I cannot find any- 
thing in the book which proves that the 
inheritance of acquired characters is true. 

(5) The hard and soft wheats provide 
my last point. Agriculturists, plant 
breeders and cytologists alike will, I feel, 


Birds in Britain. By Frances Pitt. 
(Macmillan, London, 1948, 576 pp.. 
25s.). 


THIS is a worthy companion to L. J. F. 
Brimble’s books, Flowers in Britain and 
Trees in Britain. The text is excellent, and 
extremely stimulating on such aspects of 
bird life as migration and behaviour. 
Black-and-white illustrations (a few of 
which are not at all clear) are too numer- 
ous to count. The coloured plates (sixteen 
in all, by Roland Green) are ideal for 
identification purposes; an instance of 
their usefulness—the plate of tits settled 
in five seconds an argument over the 
differences between a Great Tit and a 
Blue Tit which had arisen because of the 
poor quality colour-reproduction of 
pictures of the two species in a very well- 
known and widely used pocket-book of 
birds. One hopes that these coloured 
pictures will be made available in wall- 
chart form for use in schools. The very 
lovely painting of goldfinches by Winifred 
Austen, reproduced as the frontispiece, 
deserves special mention. The book 
reflects great credit not only on the author 
but also Mr. Brimble, the joint editor of 
Nature who has sponsored sO many 
excellent biological books for Macmillans. 
At 25s. the volume is a good buy for 
anyone who wants a book covering the 
entire bird fauna of Britain; the book is 
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ponder long over the rapid conversion of 
Triticum durum into T, vulgare. Lysenko 
writes: “‘Michurinists have mastered a 
good method of converting spring into 
winter wheat.” “When experiments were 
started to convert hard wheat into winter 
wheat it was found that after two, three 
or four years of autumn planting (re- 
quired to turn a spring into a winter crop) 
durum becomes vulgare, that is to say, one 
species is converted into another. Durum, 
i.ec., a hard 28-chromosome wheat, is 
converted into several varieties of soft 
42-chromosome wheat; nor do we, in 
this case find any transitional forms 
between the durum and vulgare species. 
The conversion of one species into another 
takes place by a leap.’ Biologists are 
familiar with new species arising more or 
less by a leap, Primula kewensis being a 
notable example, but the conversion of a 
tetraploid wheat into a hexaploid species 
is indeed remarkable and I have no 
explanatory comments. Perhaps, however, 
I may be pardoned if this brings to mind 
some mishaps I have experienced in a long 
association with seeds and plants. In our 
pre-soil-sterilisation days, 1 have seen 
elderberry plants germinate and grow 
where only gooseberry seeds were sown, 
also a proportion of red currants Ribes 
rubrum among a sowing of black currants 
Ribes nigrum. 

Throughout this small book much space 
is devoted to various philosophical and 
political themes and materialistic argu- 
ments. I have not attempted to discuss 
them; as they have not, or should not 
have, anything to do with biology. I have, 
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particularly recommended for young 


people interested in birds. 


The Geography of the Flowering Plants. 
By Ronald Good. (Longmans Green, 
London, 1947, pp. 403, 16 plates, 9 
maps and 71 line drawings. 30s.) 

The Geography of Flowering Plants 

includes a long account of the distribution 

of the flowering plants on the earth, and 

a survey of theoretical matters more or 

less connected with botany and geography. 

There are many attractive illustrations 

which catch the eye of the potential pur- 

chaser, but as these often stress the more 
unusual features of the plant kingdom, 
they hardly illustrate the main principles 
which the book is intended to expound. 
A book on the geography of plants 
should take the living plant as its chief 
subject, for the living plant can influence 
its surroundings (the relation between 
plant cover and soil erosion shows this 
clearly enough) while geography is the 
passive partner in the combination. An 
account of plant geography should, 
therefore, be dynamic. It is open to 
question if the need for dynamic treat- 
ment is met by the compilation of many 
pages occupied by plant names and geo- 
graphical localities. Names by themselves 
mean little and do little to relate plants 
to geography, the more so as few readers 
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however, taken space in this review to give 
my experiences in the growing, grafting, 
and breeding of plants and trees to show 
how they have so often differed from those 
of the Lysenko-Michurin school. 

I have also given some account of the 
Soviet ‘Mentors’ and other things, having 
done this I will leave it to the reader him- 
self to decide what ‘Mentors’, Vegetative- 
hybridisation and the like are, and how 
they work. 
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of the book will be familiar with more than 

a few of the plants named, and it is not 

likely that any reader of the book will 

have visited all the localities named. | 
The book is not satisfying. The facts 

are not arranged in a convenient form,’ 

and the theoretical parts of the book are 1 

mostly either under-developed or over- | 

developed. Too often the obvious is ' 

explained at very great length, and too 


often the important points are dismissed i} 
with the remark that there is no space for { i) 
a fuller treatment or that the work of 2 J 
other authors must be consulted. That San 
kind of treatment serves well enough in a jy TT 
course of lectures addressed to students a ii 
in a final class at a university, for those ¥ a 





students are expected, as part of their oD 
training, to follow up lines of thought ae 
suggested by their teachers: it will not 
please the less-scientific plant lover and 
it may well discourage him. The general 
reader is unlikely to have access to all the 
books which must be consulted by those 
who hope to read the Geography of the’ 
Flowering Plants with profit. 
It is not unreasonable to compare the 
book with such works as Wallace’s /sland’ 
Life or L. D. Stamp’s Land of Britain, 


and the comparison is not favourable to, 
the Geography of the Flowering Plants.| 3 





Has Professor Good understood his 
responsibility to his readers? B Barnes. 


The Gensel General 


Editorial Offices: 244 High Holborn, W.C.1. | 







RRA 
SCOVERY } H o K 
view to give 
ig, grafting, 


ess to show to your Circuit Problems 


“METROSIL 


ount of the 
ings, having 
reader him- 
Vegetative- 
e, and how) 

‘‘Metrosil’’ is a non-ohmic resistance 

having the characteristic 

CURRENT cc (VOLTAGE)* and 

introduces new ideas for your 

improved peace products, 








| 

>. > i 
ations in the 
al Nature”, 


a. & & 


rden Plants, 


Plants under 

don. 

nslation of 
Variability, 


Some proved uses are in :-— 
SURGE SUPPRESSION - LIGHTNING 
ARRESTERS - VOLTAGE REGULATION 
FIELD CONTROL - SPARK SUPPRESSION 


k. 
R. H., 1946, RADIO CIRCUIT PROTECTION 


oviet Union, 


M. B., 1927, 
of Solanum 
273. 
sreeding and 
of Hardy 
on Genetics, 






Mi Vicker 


| 
| 


e leaflet | 





Rekens 
Vickers \N 















inslation of} ELECTRICAL c 

- O.. LTD. 
_ Voronezh , = 996/1-1 TRAFFORD PARK « MANCHESTER f7. 
“Michurin' ; s/st601 
, 48-52. od - 


QUALITY CONTROL 
ELECTRONICALLY 


1 more than 


id it is not 
book will (Accurate pH measurement) 
amed. 
The facts 
og 0 a A portable self-contained battery instrument reading 
r Soa 0-1400 millivolts and 0-14 pH units with a guaranteed 
obvious is accuracy of 1 millivolt and 0-01 pH unit respectively 
h, and too, 
“i ssn An instrument of precision with outstanding 
e work of advantages including: 
ted. That 
nough in a Accurate automatic temperature compensation 
to students on pH. 
’, for those 
rt of their 
of thought Stability of circuit and ease of operation. 
it will . Technical details of G.E.C. pH 
al Meters contained in leaflets Nos. Only two adjusting controls for millivolts and 
35 to all the X86 and X137 are available or three for pH readings. 
d by those application 
uphy of the ; ; 
| A demonstration will be gladly arranged 

ompare the 
aoe Island ' on request 

of Britain, 


vourable to 
ing Plants.\ 
rstood his 


B, BARNES. 


CLI £® 


pH MEASURING INSTRUMENTS BY a 6 | ats 


— 


2 








The General Electric Co. Ltd., Magnet House, Kingsway, London W.C.2 





James Muspratt 
was the founder of the British alkali 
industry. The manufacture of sodium 
carbonate, one form of which is the 
familiar “washing soda”, and other 
alkalis is one of the most important 
branches of the chemical industry. 
The first commercial process _ for 
making them depended on the use of sulphuric acid and produced hydrochloric acid as a by-product. 


Ever since James Muspratt opened his works in Liverpool a century and a quarter ago, alkali 


and mineral acid manufacture have frequently been closely bound together. Muspratt, though 


born in Ireland, was of English parentage. At the age of fourteen he was apprenticed to a 
wholesale druggist in Dublin, but four years later, in 1811, he gave up commerce and made his 
way to Spain where he fought in the Peninsular War, Returning to England, he joined 
thie Royal Navy ds a midshipman, but found conditions in his ship so intolerable that he deserted, 
returned to Ireland, and started a small works where he manufactured potassium ferrocyanide. 
Coming to Liverpool in 1822, he set up a plant to produce sulphuric acid, extending it the 
following year to make sodium carbonate. In 1828, in partnership with Josias Gamble, he built 
an alkali works at St. Helens in Lancashire. The hydrochloric acid fumes from his works were 
allowed to escape into the air and did much damage to neighbouring farmers’ crops. In 1836 a 
method of absorbing these objectionable gases was invented by another Englishman, Willian 


Gossage. Instead of being allowed to go to waste, the fumes were 
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recovered and proved to be a valuable by-product. Hydrochloric acid , em 
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British heavy chemical industry were complete. 
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